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PREFACE 


IN THIS era of energy conservation, stimulated by diminishing natural 
resources and the escalating costs of discovering, retrieving and processing 
natural and synthetic fuels for industry, compressed air is the most cost- 
effective, safest and simplest means of producing and transmitting power for 
industry. There is no consumption of vital minerals, no hazards to life or limb, 
no high capita! investment, no waste disposal problems, no transportation 
costs, no political or environmental constraints. There is a limitless and 
ubiquitous supply of basic material — air. In these respects it is a unique source 
of power, quickly produced, easily controlled, infinitely variable, highly 
adaptable and low in cost. 


The PNEUMATIC HANDBOOK proves conclusively the very wide and varied 
attributes of compressed air and pneumatic engineering, dealing fully with the 
subject from principles, through compression, selection, comparison, 
installation, conservation, actuation, control, techniques, equipment, applica- 
tion, and known national and international standards and data, There is no 
more comprehensive and practical tome of knowledge to be found in one 
volume at this time. Already it has been translated and published in French, 
Italian, Spanish and Portuguese. It could be termed the ‘bible’ of Pneumatics. 


The editorial content of this 5th Edition has been compiled and edited over a 
period of twelve months from the latest information available or submitted by 
the various experts, authorities and organizations, to whom due acknowledg- 
ment is given, with particular appreciation to the British Compressed Air 
Society, CETOP, PNEUROP and its Members. The very latest information and 
data on trends and traits in the future of the Pneumatic Industry af Europe is 
to be found in the monthly technical journal "Power", produced by the 
Publishers of this Handbook. 


The Publishers 
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WITH PNEUMATICS 


Throughout the world, 
Schrader Bellows automation 
components are successfully 
answering industry's needs. 

_ They could þe of | 
assistance to you. So ring 
us. And go places yourself 
with pneumatics 





Schrader Bellows Division 











Walkmill Lane, Bridgtown. 
Cannock, Staffs.. WS11 3LR. 
Tel: Cannock 2644 (13 lines). 
Telex: 336150 
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WE DIDN’T GET WHERE WE 
ARE TODAY JUST BY MAKING 
SUPERLATIVE PNEUMATICS 


PRODUCTS. IT’S THE 
SUPERLATI VE SERVICE, TOO. 


r The Sperry Vickers pneumatics products range IS 
available through our own branches and an excellent 
ЖАЎ, distribution network throughout Britain. 
SE itis based on ISO and CETOP standards 
A and includes a с —— 
№ comprehensive 
choice of advanced 
spool, poppet and 
25 | | slide valves and 
BET ИЦ | 'MIDAS' power 
DE cylinders. 
Equally available is the advice and expertise 
of Sales Engineers to help you with problem solving; | 
circuit design; cost-cutting and trouble-shooting. 
Also our new facility for supplying custom built 


control panels. : 
And to familiarise you with our products and their application potential there is 


detailed literature — catalogues, data sheets and instruction manuals. 
—— Sperry Vickers products and service facilities 


reflect the unremitting quest for excellence pursued 
by this great company with its international back-up 
and development resources. 
Thinking of 
tomorrow puts us 
where we are today 
— No. 1, in 
automation and 
pneumatics. 
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Now! They're here. * 
The fastest pneumatic cylinders on the market. 

The new M/13000 ‘New Standard’ cylinders are the fastest, 
best cushioned, longest lasting and most easily serviced cylinders & 
available. They offer the benefits of faster work rates, greater reliability and 
less downtime. At prices competitive with ordinary cylinders this all adds up 
to profit. : 

Designed entirely to BS.4862:1973 and C.E.T.O.P. ВРАЗР, they are 
available with a full range of mountings and stocked stroke lengths. 


For further details contact us today. Tomorrow ^ standard today. 
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. SECTION 1 





Principles 








Terms and Definitions 


THE FOLLOWING terms and definitions apply in the pneumatics industry, arranged in 
alphabetical order for convenience of reference (but with closely related subjects grouped so that 


their inter-relationship is clearly established). 


Absolute pressure 
Absolute temperature 
Adiabatic process 


Aftercooling 
Booster 


Capacity 
Clearance volume 
Compressibility factor (2) 


Compression ratio 
Condensate 


Displacement 
Displacement compressor 


Dynamic comptessor 


see Pressure. 
see Temperature. 


compression of a gas under conditions of no heat exchange 
with the surroundings. 


removal of heat from the air after compression is completed. 


a machine or device for taking in air lor gas) and delivering 
it at a higher pressure. 


(compressor actual volume rate of flow compressed and 
delivered at the discharge point at stated inlet conditlons. 


the volume remaining in a compression space in a cylinder 
at the end of a compression stroke. 


a factor giving the deviation of the behaviour of a real gas 
compared with an ideal gas. 


ratio of final pressure to original pressure. 


liquid formed by condensation of water vapour in air due 
to a fall in temperature. 

actual swept volume, or volume displaced by a compressing 
device per stroke or per stage. 

compressor working on the principle of compressing air by 
displacement of a member {eg a piston іп a cylinder). 
rotary machine converting kinetic energy into pressure 
energy. 





Filter 
Free air 


Ideal compression 


Ideal gas 


Intercooling 
Isentropic efficiency 
Isentropic power consumption 


Isothermal power consumption 


Packaged compressor 
Polytropic process 


Pressure — absolute 
atmosphere 
dynamic 
gauge 
static 


total 


vacuum 
Pressure ratio 


Pressure reguiator 





Pulsation damper 


Relative clearance volume 


TERMS AND DEFINITIONS 


a device for remaving contaminants from a fluid. 


air at atmospheric condition at the inlet point of a 
compressor, 


conditions i | to the isentropic compression of 


| an ideal gas. 


|a gas which conforms exactly to the theoretical gas laws. 


] 


i 


the cooling of compretsed air (or gas) between compression 


| Stages. 


| inlet power, 


ratio of real gas ab Power consumption to shaft 


| theoretical power required to compress a gas under constant 


| entropy. 


| theoretical power required to compress a gas at constant 
| temperatura, 
| а complete, powered compressor unit ready to operate. 
| compression or expansion of a gas where the relationship 
Р.М" = a constant applies, the exponent n having various 
values from 1 to 1.43. 
| pressure measured from absolute zero. 
absolute pressure of the atmosphere. 
velocity pressure or total Pressure minus static pressure. 
Pressure measured above atmospheric pressure. 


pressure measured ита, static conditions for the air or gas 
{ie not influenced by velocity). 


pressure measured at a stagnation point when a moving air- 
stream is brought to rest. With stationary air or gas, equals 
the static pressure. 


difference between atmospheric pressure and a (lower) 


value of absolute pressure, 


ratio between absolute discharge pressure and absolute inlet 
pressure, 


à valve or similar device for reducing line pressure to a lower 
(constant) level, 


a chamber designed to eliminate pulsations present in air 
flow. | 


ratio of clearance volume to volume swept by а compressing 
element. 


ratio of water vapour actually present in air to the saturated 
water vapour content, at à given temperature and pressure. 





TERMS AND DEFINITIONS 3 


Separator a device for removing liquids (eg water and oil) from 
compressed air. 

Specific energy requirement input energy requirement per unit of compressed air 
produced; or shaft input power per unit of compressor 
capacity. 

Specific power consumption specific energy requirement. 

Stage pressure ratio compression ratio for any particular stage іп a multi-stage 
compressor. 

Surge limit the flow limit below which operation of a dynamic 
compressor becomes unstable. 

Temperature — absolute temperature above absolute zero in Kelvin. 

ambient temperature of the environment. 
discharge total temperature at the standard discharge point of a 
compressor. 
inlet total temperature at the standard inlet point of the 
compressor. 
total temperature at the stagnation point of an airstream. 
Volumetric efficiency ratio of capacity to displacement of a compressor or 


vacuum pump. 


NOTES ON UNITS 
The following units are now generally accepted as standard in the compressed air industry in 
Europe. 
Pressure — bar (1 bar = 10° N/m? = 10° Pa) 
Linear — metre (m) for dimensions of 1 metre or greater. 
— millimetre (m) for dimensions less than 1000 mm. 
Volume — metre! (m? ) is the standard unit for volumes 
or 
Capacity — above 1000 litres 
— litre (1) is the standard unit for volumes below 1000 litres. 
Compressor and air tool manufacturers prefer litres. 
Pneumatic equipment manufacturers prefer дата. 
Both have the same numerical value (1 litre = 1 dm? ). 
The smaller volume unit cm? is used in fluidics. 


Velocity — metres/second (m/s) 


Rotational Speed — rev/min (грт) continues to be widely used, although rev/sec (r/s) is the more 
correct unit. 





TERMS AND DEFINITIONS 















Mass — kilogram (kg), or tonne (t), 
Lifting capacity — tonne (t), 
Work, Energy 

or Heat — joule (J). 

Power — watt (W) or kilowatt kW. 


Note: brake horsepower (bhp) is now regarded as obsolete and if referred to is replaced by 
brake power, 
Torque — Newton.metre {М гп}. 


Specific power consumption — kilowatt-seconds/m? (kW.s/m? ) 
or J/dm?, 


Stress — Newtons/m? (N/m? ), ог N/mm’. 
Note: the Pascal (Pa) is also used by the high 
Flow — litres/sacond (5), 
Note: for a rough romain 1/5 divided by 2 = ft? /min; 


vacuum industry (1 N/mm? = 1 MN/m? = 1 MPa], 


for a close approximation|1 1/5 = 0.47 ft? imin, and 1 ft? ‘min = 2.1 M/s. 
Mass flow — kilograms/second (kg/s). 











Moisture content of air or gases — kg/m? , or g/m, 





Properties of Air and Gases 


CLEAN, DRY air is a mechanical mixture of approximately 78% by volume nitrogen and 2196 
oxygen, the remaining 1% being made up with minor quantities of some fourteen other gases. The 
composition of air remains substantially the same between sea level and an altitude of about 20 
kilometres, but its density decreases with increasing altitude, and varies with pressure and temper- 
ature, At sea level, with a pressure of 1 bar and a temperature of 15°C, the density of air is 
1.208 kg/m? (0.0765 Ib/ft? ). Thus 1 kg of air has a volume of 0.818 m? ; or 1 Ib of air a volume of 


13.07 fê. 


At a specific temperature and pressure, the number of molecules in a unit volume is constant 
for any gas or mixture of gases. For a temperature of Q^ C and a pressure of one atmosphere, this 
number is 2.705 x 10!” molecules per cubic centimetre, ог 7.84 x 1023 molecules per cubic foot. 


At standard temperature and pressure, the mean velocity of gas molecules is of the order of 500 
metre/second, with a mean free path between intermolecular collision, for air, of the order of 
3 x 10% millimetres. The rate of collision under such conditions is responsible for the pressure 
exerted by air (or any gas} on a surface immersed in it, or on walls containing the gas. Specifically, 
therefore, the pressure of any gas depends on its mass density, the number of molecules present 


and their mean velocity. 


The effect of a change in temperature is to modify the value of the mean velocity. Hence, in the 
absence of any other change, the resultant pressure will vary with the temperature. Similarly, any 
change in volume will effectively modify the mass present and again affect the pressure. Thus 
pressure, temperature and volume are interrelated. This relationship can be expressed in the 
following form for a perfect gas (which assumes that the molecules are perfectly elastic, are neg- 
ligible in size compared with the length of their mean free path, and exert no force on each other); 


РМ = RT 
where 
P - pressure 
M = volume 
T = absolute temperature 
R = gas constant 





PROPERTIES OF AIR AND GASES 













In engineering units 





PV - RT x 10 
where 
P is іп Баг 


V is the specific volume of gas jn m? /kg 


R is the gas constant in J/ikg.K) = 287.1 J/(kg.K) for air 
Atmospheric Air 
Atmospheric air normally contains water у 
the partial pressures of the dry air and w. 
of the water vapour is equal to the satu 
The saturation pressure is dependent onl 


apour, and the total pressure of the air is the sum of 
ater Vapour. The айг is saturated when the partial pressure 
ration pressure | the water vapour at that temperature, 
y on the temperature (see also Table | and Fig 1). 


| 
Е | —VAPOUR PRESSURE ОЕ MOIST AIR 
{Pressure in millibars} 


TABL 












ТИТЛИ 
"HEAT ТИ 
EN ШАШ AAT TTT 
ИКТАТ ЖИШШ 
ТИ ATI EFI 
ДА ПАТИ АЛАТ 
ATL LA LATET ШИ 
ИЛКИЙ 4 1 У ПИП! 
WT T DE - ШИШ Fig 1 Water content of air at different 

LAT LATA |] relative humidities 
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When air is cooled at constant pressure, the dew point is reached, when the partial pressure is 
equal to the saturation pressure, Any further cooling will then result in water separating by con- 
densation (see also Table 11). 


Water Content of Moist Air 
The water vapour content of moist air can be determined from the following equation derived 
from the gas laws 





mw = at x 10° 
Rw * Т 
where 
my = mass of water vapour in kg 
а = relative humidity (expressed as a decimal fraction) 
Р. = saturation pressure of water vapour in bar at given temperature 
{see Table 11). 
МЕ = total volume of air/water vapour in m? 
Ry = gas constant for water vapour 
= 4613 J/(kg.K) 
т = absolute temperature of air/water vapour mixture in К 


{= degrees C + 273.2) 


The gas constant of the air/water vapour mixture can also be determined as: 


. (287.1 mw) + (461.3 my) 


m (ma * mw) 


when 
та = mass of dry air in kg 


From this the density of the air/water vapour mixture follows as 





P 
density (0) = 105 x 5 _ kg/m? 
Арт 


Compressibility 

For many engineering purposes the assumption that real gases conform to the perfect gas equation 
is satisfactory. The basic equation may, however, readily be extended to express the deviation of a 
real gas from a perfect gas when subject to compression, by introducing a compressibility factor 
{7} when 


PV - ZRT 





B | PROPERTIES OF AIR AND GASES 


| 
TABLE Н — SATURATION PRE URE p, AND DENSITY, pu, OF WATER-VAPOUR AT SATURATION 


і 


VALUES BE LOW oc REFER TO SATURATION ABOVE ICE 


= юш de щл D oma 


d QN ~ о 








Compressibility charts may be used to determine specific values of Z for any particular gas or 
gas mixture, Alternatively a generalized chart may be used, devised on the basis that the behaviour 
of all gases is similar when their reduced pressures (рд) and reduced temperatures (tR) are the 
same, је 


PR = I andtg - Eu. 


с Tc 
where 
Pc = critical pressure and 


critical temperature 


e! 
Nu 
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Compression Ratio 


Such a chart is shown in Fig 2. To use, values of the critical constants pR and tR are deter- 
mined on а proportionate basis and summed, eg 


P 


рд (gas 1) = ————хА% 
Pc (gas 1) 

ра (gas 2) = aes 
Pe (gas 2) 


and so on, where A and B are the percentage proportions 
expressed as a decimal fraction. 


Then, finally, рд = PR (gas 1) + pp (gas 2) + ...... 


The reduced temperature (tq) of the mixture is determined in a similar way. The corresponding 
value of the compressibility factor can then be read off the chart. Table 11 gives critical pressure 
and critical temperature values for a wide range of gases. 


Air Compression 

The four possible ways of compressing air {or any gas) are shown in Fig 3. Of these, the first two 
involve either the removal or addition of heat and are not directly connected with pneumatic 
enginearing which is primarily concerned with pressure/volume relationship and the general gas 
equation 


Р * V = aconstant 
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PROPERTIES OF AIR AND GASES 


TABLE Ш — PHYSICAL DATA FOR SOME GASES 


acetylene 

air 

ammonia 

argon 

benzene 
butane, N- 
butane, iso- 
butylene 
carbon dioxide 
carbon disulfide 


carbon monoxide 
carbon tetrachloride 
chlorine 

cyan 
dichloromethana 


sthane 

Blhyl chloride 
ethylene (ethene) 
Freon t2 

Freon 13 


Freon 14 
Freon 22 
helium 
hexane, N- 
bydrogen 


hydrogen bromide 
hydrogen chlorida 
hydrogan cyenide 
hydrogen sulphide 
hydrogan jodide 


krypton 

methane 

methyl ether 

та ујепе chloride 
methyl chloride 


neon 

nitrogen 

nitric oxide 

niirous oxide 
oxygen 

ozone 

pentane, N- 
pentane, iso- 
propane 

Propylene (propene} 
sulphur dioxide 
waler (superheated) 
xenon 


) lor wat steam: ср/сум 1.035.031 X 
where X is the віват content [x204) 
for superheated steam (up to 10 bar and 800°C}: 
Cp/Cy*1.332 0.112 102 1 
where t is the temperature in *C 





B2 
83 
49 
90 
55 
46 
52 
67 
27 
34 
B5 
та 
51 
&9 
34 
33 
43 
44 
78 
221 
58 
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Constant Pressure 
{isobar} r= ry ' 


Constant Volume 
{Isochor) 


Fig 3 





Isothermal Isentropic 
{Adiabatic} 


This, in fact, is consistent with isothermal compression where the process takes place at 
constant temperature, when pressure ratios and volume ratios have a direct reciprocal relationship 


Р, /P, = УМ» 


To achieve this, cooling must be present to take away an amount of heat equal to the work of 
compression, ie 


heat to be lost m * R- T, loge (Pz/P,) joules 
ог = m= Р, №) loge (Vi /V4) x 10° joules 
where pressures P, and P; are absolute pressures in bars 
m = mass of air (ог gas) in kg 
V, and V; are specific volumes in m? /kg 
T, is the initial (and constant) temperature in deg K. 


With adiabatic compression (also called isentropic compression) there is no heat exchange with 
the surroundings, је no cooling present, and so the rise in pressure and reduction in volume are 
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| 
accompanied by a rise in temperature of the air (or gas}. The pressure/volume relationship is 


k 
P,/P; = Ми) 
ог Р vk = constant 
where k is the ratio of the specific heats 


The change in temperature from T, to T, is given by 
k | 
Р, Р, = (T4 /Ti) k=l | 


or the temperature of the compressed air (or gas) Т, is given directly by 
к—1 | 
T; = T4 (Ра /P1) k | 


In practice neither isothermal ar isentropic compression is likely to apply, but the process will 
be somewhere between the two or polytropic. The general equation then becomes 


n 
PV 7 constant 


where the value of tha exponential n lies between 1 and 1.405 for air 
| 2-1 
and compressed air temperature T; = T, (P4/P,). n 


Compression Efficiency 


Compression efficiency can be defined as the ratio of the theoretical work required to compress a 
given amount of air to a specific volume, to the actual amount of work done by the compressor. 


Since the units of pressure are ЕЛ2, and those of volume are I^, work done can be expressed 
by the product of pressure and volume (units F x |). 


The mean affective pressure (mep) with isothermal compression is then 





2 
тер = P, loge P 


= Р, loger | 
where r is the compression ratio 


The isothermal indicated horsepower, or /sathertmal Factor is А імеп Бу 





Р, | 
К.Р; loger = К.Р, loge 
1 


К baing a constant factor, depending on the units employed, 
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More generally (or in metric units), the work for isothermal compression is given as 


Р 
Work (joules) = 10° P, * Vi loge p 
1 


where 


P is the absolute pressure in bar 
V is the volume in m? 


For isothermal compression from atmospheric pressure 
Work {joules} = 10° V, loge P; 
= 230.3 Vi loge Pa 
2.303 Vi lotio Pa 


The power for isothermal compression follows by replacing volume flow in m? by m? /sec, viz 


power (kW) = 230.3 Vr logio/P2 


where 
МЕ = volume flow m? /sec 
P, = final pressure in bar 


Power for adiabatic compression can be determined in a similar manner only in this case the 
mean effective pressure is 


=) 
mep = EM c Р, T k —1 


3.463P, (e? — 1) 


Thus power required for adiabatic compression is given by: 


0.29 


Р 
power (kW) = 2.303 V, logio (2) -1 
2 
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Equivalent Free Air Volume 


The relationship between free alr volume an 


d compressed air volume follows directly from the 
compression ratio, viz:- 


free air volume 


5 = compression ratio 
compressed air volume 


! 
H 
or | 
| 
| 





























1 
v 1 
FA . Е | 
Ve | 
whance | 
Р; +P | 
МЕ 2 LN Ve 
П | 
| 
where ] 
P; = final pressure, absolute 
Р, = 


atmospheric pressure 

For P, in Ib/in? | 

Р, +147 
14,7 





VFA = 


{ | 


| | 
See also chapters on Compressor Performance and Compressible Air Flow. 
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Gas Laws and Thermodynamics 


A —— —————————————om 


THE GAS laws are based on the behaviour of perfect gases or mixtures of perfect gases. They are:- 


Boyle’s law — which states that the volume (V) of a gas, at constant temperature, varies inversely 
with pressure (P). 
УМ, = Р, /Р; 
or 
РМ, = Р, М; а constant 


Clarke's law — which states that the volume of a gas, at constant pressure, varies directly with 
absolute temperature (T). 


М = TiM: 

ог 
ve = Ny = а constant 
Ti Та 


Amaton's law — which states that the pressure of a gas, at constant volume, varies directly with 
absolute temperature 


P,/P2 = ТТ 
or 

Pro E 

Ti T; 


Dalton's law — which states that the total pressure of a mixture of gases is equal to the sum of the 
partial pressures of the gases present (partial pressure being the pressure each gas would exert if it 
alone occupied the same volume as the mixture). 


= а constant 
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Avagado's jaw — which states that equal volumes of all gases under the same conditions of pressure 
and temperature contain the same number of molecules. 


Amagat’s law — which states that the volume of a mixture of gases is equal to the partial volumes 
which the constituent gases would occupy if each existed alone at the total pressure of the 
mixture, 


Poisson's law — which states that for a process without any heat exchange with the surroundings 
the relationship between pressure and voluma follows the mathematical relationship 


P, Mir - Р, ГА. 
where | 


k is the ratio of the specific heat af the das at constant pressure 
to specific heat at constant volume 


Fig ! The isentropic exponent for air. 








| temperatum 
The value of the exponential k varies with temperature and pressure (see Fig 1) but for pressures 
of less than 1 bar (and all temperatures) 
k = 1140 for air 
= 1,66 for mono-atomic gases 
1,40 for two-atomic gases 
1.30 for three-atomic gases 


It 


General Gas law — resulting from а combination of Boyle's law and Clarke's law. 


P.V/T - constant | 


Laws of Thermodynamics 


li) Рог any system of constant mass the amount of work done on or by the system 
is equal to the amount of energy transferred to or from the system. 

(ii) Energy exists at various temperature levels but is available for use only if it can 
pass from a higher to a lower temperature level, | 
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Compressible Gas Flow 


AIR, STEAM and gases are all compressible fluids and the d'Arcy equation used for determining 
pressure and head losses with liquid flow is no longer applicable because the density of gases and 
vapours changes considerably with changes of pressure. For simplified general engineering calcula- 
tions not requiring great accuracy, liquid (d'Arcy) flow formulas may be used if the pressure drop 
involved is less than 1096 of the inlet pressure. Use of such formulas is also sometimes extended to 
pressure drops up to 40% of the inlet pressure, provided in this case the specific volume is taken as 
the average of the upstream and downstream conditions. 

The real flow of a pressurized gas through pipes differs appreciably in a number of important 
characteristics from the flow of liquids in pipes. Pressure, for example, drops at an increasing rate 
along the pipe, rather than with a constant pressure gradient, At the same time velocity tends to 
increase up to a maximum defined by V = V/kgRT for air, but subject to a limiting or maximum 
length, which must correspond to the end of the pipe. At this point the pressure gradient is 
infinite, /e the pipe is effectively closed. In this equation К is the ratio of specific heats at constant 
pressure to constant volume, R the individual gas constant, and T the absolute temperature, An 
alternative formula is M = ! /k (= 0.845 for air}, where M is the Mach number. 

The general equation may be written in the same form as the d'Arcy equation for fluid flow, 
but with the addition of an extra term representing the pressure drop required to increase the flow 
momentum: 


© BV* гра АУ 

L D 2 TRA dL 

where AP isthe pressure drop 
L isthe pipe length 
f is a constant friction factor (but dependent on surface roughness) 
D isthe pipe diameter 
p is the gas density 
Q isthe specific volume of gas 

dV/dL isthe velocity gradient 


is a factor of the order of unity and normally taken as 1.0 
(e can be eliminated from the equation). 
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Actual flow conditions may range from adiabatic to isothermal. Adiabatic conditions are only 
likely to apply in short, well insulated pipes where no appreciable heat is transferred to or from 
the pipe. Isothermal flow or flow at constant temperature is commonly assumed as more 
consistent with normal practice, especially for lang pipes. In fact, most Practical pipelines will 
generate polytropic flow conditions, virtually impossible to analyze. The assumption of isothermal 
flow is thus a practical compromise. 


lsothermal Fiow | 
With isothermal flow, a formula developed from basic principles is 








AP 1. oV? 
L D 2 
kM? — 1 


Tha friction factor is dependent on the Reynolds number of flow and pipe roughness. It can be 
assumed independent of Mach number. 


The Reynolds number will be aus for isothermal flow, but may vary with adiabatic or isen- 
tropic flow (and certainly with diabatic flow), in which case a mean value can be assumed. 


The Reynolds number is а dimensionless quantity, given агићтецса у by 


Ве = PND 
Н 
. vo 
р 


where | 
p isthe mass density in units consistent with 
р = viscosity velocity (V) and nipe 
v= kinematic viscosity | diameter (D) 


For air at standard temperature v 21 445 x 105 in? /ѕес 


The friction factor (f) is common for all fluids (fe gases and liquids) and is normally determined 
from empirical charts, For laminar low, the friction factor [5 dependent only on Reynolds number 
and is numerically equal to 64/ e, laminar i being defined by the Reynolds number not 
exceeding 2000. For turbulent flow and smooth bore pipes, the Reynolds number can be calcu- 
lated from the following empirical formula — 


0.3164 


fa Re" 25 


to unity, reducing the equation to the same as that for liquid flow. There is thus some justification 
for using the d'Arcy formula for compressible flow calculations (as mentioned initially) as M—40 {ie 
consistent with short lengths of pipes with resulting low pressure drops). This also implies that at 


As the Mach number (M) approaches 0, the denominator i this equation comes closer and closer 
і 
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very low Mach numbers, compressible flow can be treated as incompressible. Pressure gradients 
{AP/L) will, in fact, be within 5% of incompressible flow values at Mach numbers up to about 0.18 
for air. 

A complete working formula for isothermal flow is: 


2 2 2 
Vm = | ет 
а (+2 log Pi 
D 2 


where 
A = cross sectional area of ріре 2 
g = acceleration of gravity = 32.2 ft/sec? 
L = length of pipe, feet 
f = friction factor 
D = pipe bore, feet 
P 


| = absolute pressure (entry) 
P, = absolute pressure (exit) 
Vm = mean velocity of flow, ft/sec 
б = specific volume of gas, ft? ЛЬ 


Limiting Values 
Maximum possible velocity (V") in a pipe is source velocity (M=1), given directly by 


V* = 1132/kg PG 


where 
V* is in ft/sec 
k is the ratio of specific heats of the gas 
P is the absolute pressure in bar 
Gis the specific volume of gas, m? /kg 


Maximum pressure (Р“) can be determined on the basis of continuity, viz: 
ViP = VP = v* p* 


Hence 





where the suffix 1 refers to initial conditions 


Hence (and since the velocity of sound is constant under isothermal conditions) 


р" ш Р, Mi к 
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Limiting Length (L") can be determined from the general equation 








i ET ST 1 
D kM;? е км 


or 


1 





у 1 
pus B qoo dms 
f быз = ai) 


The implication of this is that velocity of gas flow can go on increasing in a pipe up to a 
maximum Mach number of 1A/k] This increase ceases at a limiting length of pipe (L*) which must 
be at the end of the pipe. If the actual length of pipe is greater than L'*, initial conditions will have 
to be adjusted to reduce M, so that the actual pipe length is less than, or equal to, L *. 


At the same time the limiting pressure ratio (P*/P, | and limiting length (L") are dependent 





only on initial velocity (Mach number) and the k value of 


he gas. 


Pressures and lengths between two sections of a pipeline can thus be expressed as follows, 


knowing the Mach numbers at each section: 





Adiabatic Flow 


Similar treatment applies, although the corresponding farmulas are more complicated and may 
require working as a series of approximations in order to reach real values in particular cases. In 
general, the pressure, temperature and velocity will always be slightly less than those for 
isothermal flow, but the limiting length will be similar, Th 





be negligible, except at higher Mach numbers, 

thermal formulas can be used for subsonic adia 
| 

Limiting Velocity: | 


This is given directly by: 





MEC UAE 20 4 E27 M,?) 





vi M к+1 
Limiting Temperature: 


T* 20 «-E—* m,?) 
ETE 2 ] 
n k+] 


and thus, 
atic flow. 


differences are usually small enough to 
for simplification of calculations, iso- 





COMPRESSIBLE GAS FLOW 21 


Limiting Length: 
E => MA ee (k+1)M,? 
kM,? 2k к 1 1 
2(1+ 5 М; 2) 


Limiting Pressure: 








Stagnation State 

Flow is possible between two extremes. At one extreme, velocity is zero and temperature is a 
maximum, since all the kinetic energy is converted to enthalpy. The speed of sound is also a maxi- 
mum (stagnation point or stagnation state). At the other extreme, the velocity is a maximum and 
the temperature falls to absolute zero, all the enthalpy being converted into kinetic energy. The 
speed of sound is then zero (zero temperature state). Between these extremes the practical flow 
may be subsonic, transonic, or supersonic — see Fig 1 — although the zero temperature state can 
never be reached (ге is a hypothetical condition). 


= м<! 
= 





мај ОРУ С 
a. 

~ 

а 

à 

л 

5 

~ 

o 

E 

ЕЧ 

5 Fig 1 

ф уносту V ——e (МАХ 


sth. th 
or 
Q 97 


From the general gas relationship it follows that the stagnation temperature Та! is given by 


у? 
T = = 
б Т + 2р 


where sp 7 specific heat at constant pressure 
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Alternatively, 


where M = Mach number = X 


The stagnation pressure can be derived as 








{15 


This may be expanded in the form 





This can be compared with the eq sation for incompressible flow 


apa BV 
Pg ре 


The difference between these two equations represents the effect of increased gas density due 


to compressibility, generally termed the compressibility factor. Values of the compressibility 
factor range from unity at very lov Mach numbers (where there are no compressibility effects), up 
to 1.276 as the Mach number approaches 1 (velocity approaches the speed of sound in the gas). 
Besides increasing the dynamic pressure of compressible flow, compared with incompressible 
flow, the rising value of the compressibility factor can also affect the flow velocity through ducts 
with varying area. The relationship between area and velocity changes is, in fact, a function of the 
local Mach number, and can be rendered in the form 


dA _ A 


2 _ 
dv ^w (M 1) 





2 neerease in area produces an пре in flow veloci 


e flow) je. ar and vi 

И | Air Td oe number changes are opposite. БА down ч 
H | Ith supersonic flow, a decrease in fJ id 

and vice versa, je, area and Mach n Tow area produces а 
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Flow from Stagnation Conditions 

Gas compressed and stored in a reservoir is essentially under stagnation conditions, where 
velocity is zero and the pressure and temperature are known (ог can be determined). Where the 
reservoir is used as a supply, the velocity, temperature and pressure at any other section of flow 
are determined basically from the following relationships:- 


Velocity at any arbitrary section: 





Alternatively, for adiabatic flow, the velocity at any section can be determined from the 
temperature at that section 


= | T 
у = 2sp T, (1 — +! 
о 
Flow Rate 


Flow rate can be determined as the mass flow, je, mass flow = VAp or directly as the product 
of V and A in numerically consistent units 


3 
i j = 2 = = == 
Dimensions аге T xL flow rate T 


Prassure at any arbitrary section: 





Temperature at any section: 


T 


k— 
por 


T= 





M? 





At any (constant) section where the flow is sonic the flow conditions are described as critical, 
vielding a critical temperature (T*) and а critical pressure (P^), where 
T 2 


Ee xd (Adiabatic or isentropic flow) 
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Р” uf 2 к-1 
Po \К+1 | Isentropic flow only) 


1.4 


Note : For air, where k = 1.4, the value of critical pressure is (&) 04 | 0.528 


|| 




















That is, the critical pressure is 52.8% of Po Similarly the critical temperature can be calculated as 
83.396 of е | 


] | 
{ 
] 




















Critical Area: | | 
The relationship between the critical area (A*) or throat area where И = 1 and the area of any 
other section (A) is given by i 
| к+1 
| 2(k— 1) 
A 
A* 
for air 





Nozzle Flow | 


Flow at the throat of a nozzle, supplied by a reservoir or similar source under stagnation con- 
ditions, will be sonic if the critical pressure is greater than the receiver pressure — see Fig 2a. 
This means that the flow will be critical. The flow velocity follows by relating to the critical 


temperature, where | 





flow velocity = 49/T* ft/sec 


| | | 
(The velocity of sound in air = с = 49 T feet per second where T is the absolute temperature in 
degrees Rankine). j | 














If the critical pressure is less than the recaiver pressure, then the flow cannot be critical ~ 
Fig 2b. In this case the flow will һе subsonic and the exit pressure will equal the receiver pressure. 


The temperature can be calculated from the general formula, or from 


| | 


к-—1| 


Р k | 

T, = Т M i 
1 о D | 

| 


The velocity is likewise calculated from the general formula. 
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Fig 2a. Fig 2b. Fig 3 


Similar analysis applies where the nozzle is of convergent-divergent form — Fig 3. in this case 
it is first necessary to establish whether the flow is critical or not (at the throat). The throat velocity 
can be determined accordingly; and from this the final exit velocity from the divergent section. 


Flow through a nozzle can also be rendered directly in terms of flow rate and a discharge co- 
efficient, this being а convention for engineering calculations. The complete nozzle formula is:- 


mass flow = A- Ес 5 * d? yh РТ 


where А is a constant depending on the units employed 
E = coefficient for the velocity of approach 


ius 
= 1 = п 
cross sectional area of nozzle _ _ Az 
where [Xy m E AT SOM PEOR CE 
cross sectional area upstream Ay 


c * nozzle coefficient 


& = expansibility factor allowing for the change in air 
density which occurs during acceleration through 
the nozzle 


1 — 0.07h . 
= { | 
13.6 P; or values of m circa 0.16 


{апа h in inches wg and P; in inches of mercury) 


d = diameter of nozzle 
h = pressure drop across nozzle 
Р,= absolute pressure on downstream side of nozzle 
T = absolute temperature on downstream side of nozzle 
If T is in ^R, Pa in inches of mercury, h is in inches wg and d is in inches, a value of А = 0.1148 
gives the mass flow in units of Ib/sec. 


For a specific nozzle profile, the formula can be simplified by the use of a nozzle constant 


appropriate to that particular geometry and nozzle size, Rendered as a solution for conventional 
flow rate (Q) 


O = K(T,/P Sh PT. 
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where 


К = nozzle constant | 
T, = absolute temperature at specified inlet point 
Ту = absolute temperature at nozzle or specified point downstream 
P, = absolute pressure at specified inlet jo 
Р, = absolute pressure at nozzle or specified point downstream 
h = pressure drop across nozzle 
Simplified Orifice Formulas 


An orifice is a simple form of nozzle, formed by a circular hole cut in a thin fiat plate. Flow can 
again be determined with reference to an empirical discharge coefficient, or orifice coefficient, 
This will be much lower than for nozzles because of the less streamlined flow but, due to the 
simpler form of the nozzle, will be less subject to variation. Thus nozzle coefficients may vary 
between 0.90 (ог less) and 0.995, depending on size and geometry, whereas an orifice coefficient 
can be expected to be of the ordér of 0.61, regardless of size, and differing only if the orifice has a 
well rounded, as opposed to a sharp, entry, | 


| 
Very much simplified formulas can therefore be appia to assess the discharge of air through 
orifices, and the following are gen rally satisfactory for straightforward engineering calculations:- 

| 


(1) For upstream pressures above 14.7 Ib/in? g 


| 218x AxP 
О (ft? /min) for sharp-edged orifica = Bx H 


=== (a) 
| v 460 + Т 
| 172 xd? x Py 
or i | = a aS 
| | ~ Й +T 
417 x Ax Py 


a ec: fondi Ц b 
Vy T E 


| 


О (f /min) for rounded entrance 
orifice | 


| 263.5 x d? x Py 
or i | 


| |^ VER 


Н 


(2) For upstream pressures below 14.7 Ib/in? g 


| 210x AxP 
О (f£? /min) for sharp-edged orifice = S SEEN) {с) 
| 


V4804T — 
168 x d? x Py 


| Va ~ 


| 


or 
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324 x Ax Py 





О (ft/min) for rounded entrance = D (d) 
orifice м 4604+ T 
„ 265 xd? x Py 
or ~ 
/ 460 +T 
where 
A = orifice area, square inches 


Py = upstream pressure, Ib/in^g 
d = orifice diameter, inches 
T = upstream air temperature °F 


Note that for an upstream air temperature of 60°F these formulas further simplify to: 


па) а (f£? /min) = 11.9 А°Ру 
ог = 944 Py 

(b) О (f? /min) = 18.3 AP, 
or = 1444 Py 

2 (с) О (ft/min) = 11.5 A*Py 
or = 9.05d? Py 

(4) а (f /min) = 17.7 A*Py 
or = 13.92 d° Py 
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Pneumatics and Mechanization 
т Sc t's л LL NN 


MECHANIZATION IS broadly defined as the replacement of manual effort by mechanical power. 
In all degrees of mechanization, the operator remains an essential part of the system, although with 
changing demands on physical input as the degree of mechanization is increased. Table | illustrates 
the basic ‘degrees’ of mechanization, taking as an example. a simple machining operation, such as 
drilling. 

Pneumatics is an attractive medium for low, cost mechanization particularly for sequential or 
repetitive operations. Many factories and plants already have a compressed air system instailed, 





and manual machines can be mechanized with only moderate capital expenditure, Where the 
compressed air services are extended, however, additional compressors may have to be installed to 
meet the demand, 

Additionally, compressed air is capable of praviding both the power or energy requirements and 
the control system (although equally pneumatic control systems may be economic and can be 
advantageously applied to other forms of power). The main advantages of an all-pneumatic system 
are usually economy and simplicity, the latter reducing maintenance requirements to a low level. 
It can also have outstanding advantages in terms of safety, 

Every application is different to some extent, although all may employ the same basic elements. 
Optimum design solutions must therefore be based on a detailed study of the economics and com- 
patitive performance of alternative systems. 


Power Units 

The most widely used pneumatic component for power units is the air cylinder. The majority of 
air cylinders are 100 mm (4 in) diameter or smaller, giving & maximum thrust of the order of 450 
kg (1000 Ib) and a line pressure of 6 bar. брега range usually allowed is from 0.5—2.5 m/sec 
(1.6—8 ft/sec), with speed control, if required, provided by throttling; more precise control can ђе 
obtained by connection with an oil-hydraulic cylinder. 

Cylinders can be single- or double-acting; and are also capable of 'positioning' movements. As 
cylinders are basically linear actuatars of limited power, it is essential to have methods of convert- 
ing linear motion into semi-rotary motion, or of magnif ing the force for actuating clamps, 
utters, etc. | 


See chapters on Air Cylinders and Air-Hydraulic Cylinders, 
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30 | PNEUMATICS AND MECHANIZATION 
| 


Limited Rotary Movements | 
Where rotary outfits are required to work for not more than one or two revolutians, the use of an 
air cylinder is again a logical chbice. A simple method of producing semi-rotary motion for one or 
two revolutions is by rack and pinion, as shown in Fig 1. The rack can be of the cut gear type, as 
shown, or formed by stretching roller chain along a flat support. Roller chain is also used in the 
method shown in Figs 2 and 3. | | | 

The method adopted will narmaily depend on the local conditions. An angular movement of 
90° or less can also be obtained by a crank mechanism and this, by a ratchet and pawl, can be 
further extended to give an i rad full rotary motion (Fig 4). 


2 8 
ee ИЕ а FON Fig 2 Rotary motion from a double rodded 
== d cylinder with chain drive. 1 Cylinder. 2. Chain 
(оў, ( Q Aye 3 3 Pinion. 4. idler pinton. 
| 1 - 
4 1 


Fig 3 Rotary motion from two cylinders driving NS 3 
a chain ритоп. 1, Single acling cylinder, 2. Chain. n ( О Y 





3. Pinion. | 
| 


| д, 





| 
| | 
Fig 4 Rat “het drive giving intermittent uni- 
directional mation, 1. Cylinder. 2. Pawi. 3, Ratchet 
| wheel. 4. Stap pawl. 





| 
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exerted by the cylinder. About 15 tons can ba exerted over a 


short stroke. t. Cylinder and | тате. 2. Piston. 3, Lever. 


Fig 5 Small riveting machine js lever to multiply the force 
4. Port. 5. Plunger. 6. Anvil. 7. Frame. 





Force Magnification | 


This is best used when the final large force has Only to be applied over a short distance. Then 
simple mechanical methods will give a limited degree of magnification. Fig 5 shows а simple 
squeeze riveting machine with a. leverage of about 10:1. A toggle mechanism (Fig 6} has the 
advantage that a greater ‘daylight’ can be provided. The d exerted by a toggle mechanism at 
the end of the stroke is considerably influenced by the stiffness of the framework and links, 
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Fig 6 Toggle press, The farce exerted by the plunger increases 

considerably as the toggle fevers straighten out. By arranging 

the cylinder to ‘pull’ slightly more thrust +s available for 

uniocking the toggle when commencing the upstroke. 1. 

Frame. 2 Cylinder. 3. Toggle. 4. Plunger. 5. Adjusting 
screw. 6. Anvil. 












ae. 


Fig 7 Powfllock clamping head for mounting ап LL +} +] 
bolt or stud. 1. & 2, O-rings. 3. Spigot 4. Seal. 5. 2 JINN 


Body. 6. Cap. 7. Piston. B. Spring. 9. Wiper. 


An air-hydraulic intensifier system has the advantage that line air pressure can be boosted to 
175.7 bar (2500 Ib/in? ) or so, thus allowing the use of very small actuators whilst retaining the 
advantages of pneumatic operation. Such a system can employ single shot air hydraulic intensifiers 
of various types, which are connected directly to one or more of the clamping heads. А typical 
head is shown in Fig 7. It is intended for fitting over a bolt or stud and provides an instant 
clamping action, so making spanners or screwed handles unnecessary. Up to 24 clamping heads can 
be operated simultaneously from one booster. 


Linear Movements 


The normal method is to arrange the cylinder so that it is co-axial with the part being moved, but 
this may not always be convenient and the use of levers and other devices may be justified. In this 
connection it may be pointed out that for a given iength of stroke, a cylinder with piston extended 
will measure twice the stroke length plus 101—203 mm (4—8 in) to allow for seals, housings, etc. 
By using a shorter, larger diameter cylinder the stiffness is also greatly increased. 

A simple lever (Fig B) makes it possible to triple the cylinder stroke, but the length of move- 
ment depends on the space available for the lever. An alternative, using a bell crank, enables the 





Fig 9 Doubling stroke length with stationary and 
Fig 8 Simple tever to increase stroke. moving racks. 1. Rack. 2, Pinon, З. Cylinder. 
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| 
cylinder to be placed at any |, The tracitional method of doubling the stroke using two racks 
{Fig 9) can also be useful. Racks of any length can be made by stretching roller chain along 
suitable supports. | 

To minimize the shock involved in accelerating and decelerating heavy slides, a method which 

involves a slight degree of magnification with approximbte simple harmonic motion of the mass is 
shown in Fig 10. As the cylinder is dead centre at the ends of the stroke, two subsidiary cylinders 
are provided to give an initial impetus and i they are provided with suitable valving they can also 
help the final deceleration, 1 

| 


a 





3 Fig 10 Gear and rack to give approximate harmonic 
motion. 1. Cylinder. 2. & 3. Subsidiary cylinder. 
4. Hack. 5. Pinon. 


Rotary Movements 
Where continuous rotary movements are required at low to moderate power levels, the air motor 
becomes the logical choice and it is being used to an increasing extent in modern industry. Vane- 
type motors, characterized by a smooth power output are generally available in sizes up to about 
1.5 horsepower. Piston-type motors are most widely used in the power range 1,5 to 15 horse- 
power. They work with lower otary speeds than vane motors (usually under 5000 rev/min), 
Piston-type motors also have better starting and low speed characteristics than vane-type motors. 
The usual working pressure for air motors is usually 6—7 bar (80—100 Ib/in? ). See also chapter 
on Air Motors. | 


Industrial Robots 

Widespread use is made of Pneumatics for the mechanization of industrial robots, taking second 
place after hydraulics. In terms of percentage of robots using the different types of power systems, 
in current use hydraulics count for about 5095, pneumatics 30% and electrics 20%, 

Power systems for industrial robots are simply advanced forms of mechanization rather than 
automation, The fact that industrial robots may be programmed, and thus work without attention 
from an operator, is reliant on a computer-type brain or microprocessor control unit taking the 
place of the human operator's brain. The power system of the industrial robot remains, essentially, 
a mechanical system, which may however incorporate varying degrees of sophistication via closed 
loop servo systems with feedback, and sensors. in this sense low technology robots can be 


described as coming under the heading of mechanization and high technol i 
nr m | gh technology industrial robots 


See also chapter on Pneumatics and A utomation, 
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Pneumatics and Automation 





THE POINT at which ‘mechanization’ becomes ‘automation’ is where the machine operator's role 
is reduced to that of a supervisory nature, or even eliminated entirely. In other words, the essential 
feature of command is transferred to a timed operation of the system or semi- or fully-automatic 
control utilizing a suitable detector generating feedback signals. 

Table | illustrates the basic degrees of automation ranging from a semi-automatic {basically 
mechanized) system through to fully programmed automation, True (full) automation starts when 
the operator is relieved of all responsibility. 


Controls 

The simplest control method is a manually operated control valve, which, even in an automated 
system, is normally retained for manual override, or as an emergency control. The manual control 
valve remains the usual solution when the control required is too simple to justify other control 
methods, although valves of this type, triggered by machine movements, may readily be adapted 
for automated working. 


Time Control 

A time control usually takes the form of a camshaft running at a steady speed which actuates small 
valves or electric switches at predetermined intervals. Normally it is used where the governing 
factor is the time taken by the process rather than that taken for the pneumatic cylinder to com- 
plete its travel. Sometimes an interlock with a limit detecting device may be necessary. 


Sequential Control 

This is the normal method when two or more phases occur in an operation or series of operations. 
The end of each phase triggers off the next, Because of the difficulty of fixing the exact time 
taken for each phase, this method is usually preferred. 


Sensing Devices 
The choice of sensing device is bound up with the type of control system used, but the correct 
choice can, nevertheless, be very important and may, indeed, influence the control system. 

Where great precision is required for a point of reversal, this can sometimes be dona by using an 
air jet, as in pneumatic gauging. 
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Electrical Control 

Practically everything that can be done with electrical controls can be done pneumatically, How- 
ever electrical controls may be preferred because of their compatibility with signals coming from 
electrical sources (eg timers); because wiring is neater than piping; or because of the convenience 
of microswitches to initiate control signals. 

Using microswitches, proximity switches etc, with appropriate ancillary devices, in conjunction 
with double solenoid valves, very simple circuits can often be obtained. More complex control 
circuitry can be designed on intuitive lines, or by logic. The more complex the system, eg the 
greater the number of sequences required, the less competitive pneumatic control systems become 
compared with electronics, particularly with the introduction of low cost microprocessors and 
lagic control units (LCU's). 


Control System Design 

Control system design must start with an analysis of the movements which must be performed. 
This analysis is usually done by means of a distance-time diagram. 11 is then necessary to allocate 
power components leg cylinders) to achieve these movements and select suitable control com- 
ponents (eg valves). The major problem is then to plot the circuit, connecting the components to 
achieve correct working. This circuit plotting demands considerable skill and experience on the 
part of the designer. 


Shift Register Modules 

Shift register modules can provide a simplified approach to circuit design for pneumatic sequence 
controls. Basically each module is an in-line memory element (Fig 1). Modules are then inter- 
connected in such a way that a switching step is performed only when its turn comes up. The 
number of individual movement steps indicate how many shift register modules are needed. The 
specific number of shift register modules are then lined up side by side to produce the required 
sequence or shift register chain. It is then only necessary to assign signals and instructions to the 
sequence chain for each step, when the control section is more or less complete. 


=> Z — Memory element 


Signal indication 






Position indication, 
manual operation 


Groove for inscription label 


—— Logic board 





7 Sub-base 


Fig 1 FESTO Pneumatics shift register module [left] and 

shift register chain (right). The preceding switching step of 

a shift register chain activates the next step. But the check- 

back signal of an executed movement (limit switch reached) 

is required before the switching step which has already been 
activated is set. 
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The following example illustrates how the Festo shift Fegister method may be applied. 
First Step: Specifying the cylinder movements. | 

1. Each cylinder is identified, eg alphabetically with A,B,C... 

2. |n our examples we ard using doub e-acting cylinders. The control ports of the 
working valves are identified similarly to the cylinders. 
Cylinder advance: A+, B+, C+ 
Cylinder return: A—, B—, C— 

3. The positions of the piston rods are scanned in the front and rear end positions 
via limit switches. When retracted, the piston гов actuate the limit switches 
ао, Dg, со. When extended, the piston rods actuate the limit switches a,, by, C4. 





(Fig 2). 
e 
Fig 2 

The cylinder movements 
presented in the form of 
8 sequence cn 

ао А 

A- At 


H the piston rod of cylinder А 
has extended, then bmt 
Switch a, is actuated 


Н tha piston 10d of cyknder В 
has extended, then krut 
Sich b, is actuated. 





№ the piston rod of cyknder B 
has retracted, еп  kmut 
Switch by rs actuated. 


Н tho piston rod of cykmder C 
Маз емепдед. then ктш 
switch c. r$ actuated 





Fig 3 I the piston rod of cylinder А 
has геџалед, Ihen ти! 
Swatch ay is actuated. 


M the peston rod of cylinder С 
has retracted, then bmt 
Swatch ty is actuated. 
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Second Step: Specifying the movement sequence (Fig 3) 
The movement sequences of the individual cylinders can be shown in the form of a sequence 
diagram or in the form of a list. 
1 Piston rod of cylinder А extends = A* 
Piston rod of cylinder B extends = B+ 
Piston rod of cylinder B retracts = B— 
Piston rod of cylinder C extends = C+ 
Piston rod of cylinder A retracts = A— 
6 Piston rod of cylinder C retracts = C— 


ль WwW № 


A list makes it clear which limit switches аге needed for which steps — see Fig 3. 

Fig 3 shows the control sequence and the assignment of the limit switches actuated by each 
movement, 
Third Step: Assigning the sequence stages and forming a shift register chain (Fig 4). 

Esch step is assigned a shift register module, 

Forming a sequence chain (Fig 5). 


Assigning the instructions (cylinder movements) and the signals (check-back signals from the 
cylinders in the end positions) to the sequence stages. 


Step-by-Step Sequence of a Shift Register Chain 

Symbolic presentation of shift register chains in the form of a block diagram (Fig 6]. 
Step 1: 

1.0 Start signal. 

1.1 Stage (1) is set and an output instruction, eg А+ is triggered. 

1.2 At the same time, stage (2) is primed and, 

13 the last stage in the chain (in our case stage (6)) is reset. 


Number of swtiching steps Number of sequence 
stages 


Movement Signal 
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Step 2: 

2.0 When stage (1) receives the acknowledgment “instruction executed” from limit switch a, , then: 
2.1 Stage (2) is set and an output instruction eg B+ is triggered. 

2.2. At the same time, stage (3) is primed and 

2.3 stage (1) is reset (15 now no longer required). 


Step 3: 

3.0 When stage (2) receives the acknowledgment "instruction executed” from limit switch b; ,then: 
3.1 Stage (3) is set and an output instruction eg B— is triggered. 

3.2. At the same time, stage (4) is primed and 

3.3. Stage (2) is reset (is now no longer required). 


Step 4 and the following steps are similar — see Fig 7. 

This sequence is ensured by an AND and OR function integrated in the shift register modules. 

If a shift register chain gets stuck at any one of the stages, then the stage which is activated at 
that moment can be reset vía a central correction signal at connection L. The central correction 
signal is applied to one of the two OR inputs, 

A complete shift register chain is closed off by a left-hand and a right-hand end plate. 


More elaborate automation schemes may be based on logic element controls and circuits, where 
pneumatics offers the advantage of an all-fluid system, using the same fluid medium throughout 
(compressed air). This can offer distinct advantages and savings over electronic controls and 
electro-hydraulic systems. 


In this latter respect, fluidic controls are directly competitive with electronics with the limita- 
tion outlined above in the field of fluid power application, pneumatics is directly competitive with 
hydraulics. In the mechanization/automation field, pneumatics is generally superior to hydraulics 
in taking over direct from the rnanual operator. The superiority of hydraulics is lugely limited to 
the higher output forces and power available, and to the greater rigidity of control movements 
directly available. 


Logic Circuit Design р 
Circuit design for automated control based on logic functions in terms of hardware, means mini- 
ature control devices capable of performing AND, OR, NOT, INVERSION and MEMORY 
functions, The cost of such a system in pneumatic logic controls is directly related to its com- 
plexity. This does not necessarily apply with electronic controls. 

An example of a simplified system is the Pneumatic Sequence, which consists of base-mounted 
modules, each module representing a step in a sequence. If there is a sequence with, for example, 
four steps, then a module is assigned to each step. When a 'start' signal is applied, module 1 
becomes active and this sends a signal to start the first movement, the completion of which is 
sensed by a valve or some other sensing device. The signal from the sensing device is fed back to 
module 1, which then signals module 2 to operate. When module 2 becomes active it repeats the 
same process, whilst at the same time automatically resetting module 1. On completion of move- 
ment 2, module 2 activates module 3 which in turn resets module 2 and also maintains the reset on 
module 1. This is repeated step by step through the system until the last module, which resets 
itself on receiving its return signal, therefore resetting the whole system ready for another 
operation. Fig 8 shows the simple transition from writing down the sequence, to drawing the 
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circuit and to the assembled unit, Therefore, if the sequence of operations required for the applica- 
tion can be determined, the circuit has virtually been designed. Each module is fitted with an indi- 
cator, so if a fault develops it is a simple matter to determine the area in which it has occurred, 


Fig 9 shows how a complex divided path system becomes easy to design with this system, the 
circuit drawing and the final assembiy following exactly the pattern of the written sequence. 
Should a time delay between movements be needed, ther the timer unit is mounted on top of the 
relevant unit; similarly, if sensing devices other than a simple valve are required, then the 
associated amplifiers and relays can also be mounted on the modules in the same manner. 


Several systems have, in fact, been developed to provide a simplified, easy-learn approach to 
pneumatic logic circuit design as|an alternative to Boolean algebra, Karnaugh maps and Cascade 
techniques. These are related to specific modules and components, based on a particular type of 
logic (all solutions then being derived in that fogic). dris from basic logic units, the most 
commonly used device in such control systems is a timer for introducing time delays. 


Further problems can arise on rotary and linear transfer machines where several stations, each 
following its own sequence, are o erating simultaneously, calling for divided path systems, Again 
these can be solved by simplified techniques. Fig 10, for example shows a divided path problem 
represented graphically by Grafcet diagrams (a step-by-step function chart). Fig 11 shows the 
solution in the Polylog system. 


See also chapter on Pneumatic Logic. 
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Safe 





COMPRESSED AIR is an inherently safe form of energy in that it is free from fire hazard (such as 
is present with fuels and oils); and the potential hazard of electricity or high pressure steam. At the 
same time contained compressed air can expand explosively if suddenly released by failure of the 
vessel or component containing it. 


Specific safety requirements of a compressed air system are therefore: 


(i) All parts of the system should be protected against over-pressure. Such protect- 
ive devices should be tamper-proof, where expedient. 

(ii) АП components must have a suitable working pressure rating relative to the 
system pressure employed. 

(iii) Receivers should have an approved type and size of safety valve to relieve full 
input flow at tank design working pressure under all conditions (eg valves must 
not seize at freezing temperatures), Receivers and other types of pressure vessels 
should also be marked with hydraulic test pressure and date of test, design work- 
ing pressure, capacity and standard or code to which they are manufactured. 

(iv) АН pneumatic systems should have a main airline shut off valve of the pressure- 
release type, capable of safely venting all working circuit pressure. 

(v) Systems should be designed and constructed so that components are readily 
accessible for adjustment and/or renewing. 

(vi) Systems should be designed on а fail-safe basis, so that in the event of failure, 
maximum safety to personnel is maintained, with minimum damage to 
equipment. 


Individual consideration may need to be given to pneumatically operated devices and machines. 
These are relatively free of hazard and do not normally call for special provision of 'emergency 
stop', unless specifically required by relevant safety standards or the mode of working. This does 
not mean that pneumatic devices are automatically safe, for hazards are inevitably present with 
any working machine, particularly should it malfunction. It is essential, therefore, that a machine 
operator should be aware of the abnormal motions a machine may perform under certain circum- 
stances and how to deal with them. This can apply particularly in the case of air cylinders. 
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The main hazard associated with an air cylinder is that its speed of action is governed by the 
exhaust opening and/or extenal load. Abnormal functioning is usually caused by a change in one 
of these ‘control’ parameters —iusually the load. This can render the cylinder potentially 
dangerous as long as it is under supply pressure. 

If, for example, the load is abnormal, the normal cylinder movement will be slowed, or even 
stopped. With the supply still connected pressure will build up on the piston, so that if the load is 
suddenly removed the piston will shoot forward at uncon rolled speed. This could cause injury to 
anyone in its path — the ‘classic’ shbject in this case being ап operator removing the blocking load 
with hands or feet. The correct action in such а case is both to shut off the supply and depressur- 
ize the cylinder before attempting to remove the blocking load. 


Emergency stop controls are commonly provided onl all complex machines and on larger 
cylinders and devices rated for medium and heavy duties, On light duty machines, ‘emergency 
stop’ is usually via the manual control valve. Where an e ergency stop is provided this should be 
in a readily accessible position, dard or clearly distingdished from the other controls. It is also 
desirable that this control should have a lacking or 'hold' action. Thus the usual form of 
‘emergency control’ is a pressbutton. Once pressed, ‘stopt should remain effective even when the 
button is released. Restarting can then be initiated by a separate control after the system or service 
has been cleared as safe, at the samé time resetting the emergency stop button. " 


The mode of 'emergency stop' must also be considered in soma detail, based on the characteris- 
tics and requirements of the deviod concerned, |t may be desirable to stabilize the stop position, 
eg by locking the air in the cylinder on either side of the piston, or even more rigidly by means of 
a hydraulic check unit. In such cases the ‘emergency stop'|circuit would be designed accordingly. 
In other cases it may be necessary to avoid an abrupt stop as this could cause damage to the 
machine or introduce a further potential hazard. Here the desirable stop movement would be 


controlled, delayed or positioned (eg movement inched to a|'safe' position). 




















Reset characteristics can be equally important. The main requirement with air cylinders is that 
once reset has been initiated the possibility of excessive piston velocities must be avoided. One 
way in which this can be done is by using a three-way Valve connected as a shuttle valve to a 
throttle valve in the supply line. The initial air supply on reset is thus throttled, enabling pressure 
to build up slowly in the cylinder, Once the required working pressure has been reached the three- 
way valve is automatically switched over to provide full flow — see Fig 1. An example of an 
emergency stop system with automatic resetting of main valves with slow replenishment of air is 
shown in Fig 2. 

The simplest method of achieving an emergency stop is by using a three-position valve as the 
control, shutting off the supply and opening the system ta the atmosphere. At the same time the 
associated electrical circuits can be tripped by the valve movement or broken by a pressure switch. 

This basic arrangement can 1һёп be modified as кш to incorporate other action, eg 
throttling, and the valve selected accordingly. Thus a faur-position valve would normally be 
required to provide locking action ar any necessary control. For example, it could be hazardous to 
evacuate a pneumatic clamp on emergency shutdown as this could cause the workpiece to be 
ejected violently. In other cases additional motions may Бе песеззагу to render the system safe on 
shutdown, 

Systems in which loss of mains] pressure can lead to hazard (eg incorporating machines with 
clamping components) can readily Бе protected by automatic emergency stop sensors, such as 
pressure switches. Fig 3 is a simple example using a eg eq valve as a sensor to protect the 
clamping cylinder from loss of pressure. Once clamping pressure has been built up by the supply, 
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Fig 1 





[xc ua mucking LOT 
Part of cylinder machinany | 





Fig 2 (from Macman-Technique! 


Fig3 Cl, C2 — cylinders. 
81,82 — non-return valves. 






Emergency air Working sir 













m Ordinary pilot system 
a С. Emergency pilot sysiam 
E2 
Fig4 F1, F2 — changeover valvas. 


81 – non-return valve, 
01 — reservoir. | 
(from Mecman Technique) 1 

Working air 

— = О -- ——— == ——— 
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any loss of pressure in the supply line will have no effect since there can be no backflow (and thus 
loss of pressure) through the non'return valve! | 

Fig 4 shows another type of circuit providing pemg stop in the event of the mains pressure 
falling below a certain level. At a given lower pressure, valves E1 and E2 are switched over, The 
reservoir now supplies working air to the service line(s),|to move them to a ‘safety’ position con- 
trolled by the emergency pilot signal. 

Safety, in other words, can be built into most pneumatic systems, at very little additional 
expense, The more complex the system or the heavier the mechanical output forces involved, the 
more desirable the need for ‘safety switching’, either ma ually or automatically. The primary aims 
are to remove any hazard from the system; and at the same time to maintain all necessary control 
over the movements or cycle involved. The first provides|direct operator protection, and the latter 
can both provide further protection for the operator and afeguard the machine elements involved. 
Built-in safety can thus also node economic benefits. | 


Examples of Fail-Safe Cylinder Circuits 

The actual control may vary fróm simple open/closed condition to that of modulating control 
by a servo cylinder. Obviously, it must be decided at what level the pressure is classed as failed, 
and once the pressure has dropped to below the minimum which is essential to carry out the 
desired function, failure must be registered. Therefore it is very important to have an adjustable 
pressure switch, which can be set to switch at the desired failure pressure. Fig 5 shows a typical 
circuit. 








LÀ 
DOUBLE PRESSURE 
DPERATED THREE 
PORT VALVES 


PRIMARY 
AIR 


NON - RE TURA T 
VALVE T 
RESERVOIR (R) MANUALLY 
SET PRESSURE 


SWITCH. 





5 PORT | 


EU 
RESET | А Tes |" _| 


Normally, in the healthy state the cylinder is controlled by the 5-port valve, via the two double 
pressure operated 3-port valves. |n the event of the primary air failure, the pressure switch will 
sense and switch, reversing the two 3-port valves. The front end of the cylinder will now be vented 
and the reservoir, which has been Md during healthy conditions, charges the rear end of the 
cylinder, causing the cylinder to outstroke. The non-retutn valve is necessary to ensure that the 
reservoir pressure is not fed back into the air main in the event of Primary air failure. 


Obviously, the cylinder circuit can be designed to fail to the instr 





Fig 5 Double-acting c Jinder control 
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is operated to set the circuit to normal function. Fig 6 shows a similar arrangement but in this 
circuit a servo or positional cylinder is being used. 

In some applications a reset valve may not be required and it would be more advantageous for 
the system to reset automatically when the primary air supply is restored, This arrangement is 
obtained by using differential operated 3-port valves as shown in Fig 7 and of course this also can 
be applied to the servo system. 

The reservoir size is very important as it is necessary to ensure that when the cylinder has made 
its fail safe movement by utilizing the reservoir air, the pressure in the reservoir is still above the 
safe working pressure for the system. It can be seen that if the size of reservoir is calculated 
incorrectly the pressure could drop during a fail safe movement to below the safe working pressure 
of the system, and therefore the cylinder could stall in an unsafe position. 1t would therefore be 
useful to investigate the calculations necessary to arrive at the correct size of reservoir. 

it should be noted that the double pressure operated valves and the reservoir should be 
mounted as near to the cylinder as possible, so avoiding losses in the pipe line and reducing the 
distance/time lag in the emergency system. The pilot line from the pressure switch should also be 
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of minimum length and 3/16 inch o.d. tube size is recommended. Obviously, the location of the 
Pressure switch should be stich that it cannot be tamperediwith. 


Cylinders Failing to the Hold Position 


f | 
On occasions it is required to hold the cylinder in the position occupied at the time of air failure. 


This requirement generally applies to servo cylinders which normally operate between the stroke 
extremities, 





The solution of this problem Б achieved without the use of a reservoir, as shown in Figs 8 and 
9. Normally the two poppet valves are held open by a signal from the pressure switch. In the 
event of air failure the signal from the pressure switch is removed and consequently the two 
poppet valves close under spring pressure. The air in the cylinder is now trapped, resulting in the 


cylinder being pneumatically locked. This locked or held position is only relative to the terms of 
reference already outlined. 
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If it is found necessary to override this condition manually prior to resumption of primary 
supply, a stop valve can be added to the circuit as shown in Fig 10. This is normally closed, but by 
opening the stop valve during the tock condition the two ends of the cylinder are connected and 
therefore the pressures are balanced out and it is possible to move the cylinder manually. 


Checking Safety Arrangements 

For safety reasons it is very important that the fail safe arrangements are checked at regular 
intervals to ensure that they function satisfactorily. This can be provided for by the inclusion of 
an override valve in the line between the primary supply connection and the pressure switch 
(Fig 11}. 


PRESSURE PRESSURE 
INDICATOR SWITCH 
KEY OPERATED 
VALVE 
Fig 11 


Inspection can now be carried out by suitable personnel, who, on turning the key in the valve, 
would stimulate the loss of primary supply pressure by putting the pilot line to atmosphere. An 
indicator could be fitted to supply a visual means of ensuring that after the test the primary supply 
has been restored. 


‘Bi-Manual’ two handed safety control 

system provides a signal suitable to 

operate single-acting cylinders or pilot 

control valves to operate double-acting 
cylinders. 
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Cost Effectiveness 








IN TERMS of specific energy requirement tha cost of co pressed air is somewhat higher than that 
of electricity. However, taken in isolation, direct costs of energy are only part of the overall 
question of cost-effectiveness, which must cover utilization {compressed air systems being suitable 
for some jobs where electricity is not; or in direct competition with electric motors in other cases, 
for example); capital costs and |depreciation; overall efficiency; reliability; and operating costs 
(maintenance and labour). Cost'effectiveness aims at optimizing all parameters; and more par- 
ticularly instituting savings when possible. 


It is, for example, possible to achieve near 100% overall efficiency with a compressed air 
instaliation, This can be done by recovery of the compression heat generated in the production of 
compressed air. | 


machine an absolute pressure of|7 bar; that ls, the overpressure above atmospheric pressure is 6 
bar, The compressed air temperature is the same as in the factory, say 20^C. We now consider this 
compressed air as it is expanded back to the atmospheric pressure of 1 bar, having performed work 
in an air motor with no loss. In theory, one would obtain work corresponding to 29 kWh for each 
1 000 m? of free air (at 1 bar). 


During expansion, the temperature of the air will drop from 20°C to —105?C. The greatly 
chilled exhaust air must now take from the factory air an amount of heat corresponding to work 
performed in the air motor, 41 kWh, In simple terms, the compressed air, as it performs work 
under expansion, gives off internal energy and takes it back from the surrounding atmosphere after 
expansion. But in reality, a good air motor can only extraat about 15 kWh in the form of mechani- 
cal work from 1000 m? of free dir that is, less than һа! of the theoretical energy content of the 
compressed air. 


When compressed air is used | a factory to perform work we count on having at the pneumatic 


Taking into account all losses [n the airlina delivery, compressor action and so on, the produc- 
tion of 1000 m? of free air needs a compressor working to compress air to 8 bar absolute pressure, 
During compression, all the work developed by the prime mover is converted into heat, which 
must ba led off by cooling in the compressor cooling system. Since losses in the prime mover — say 
an electric motor — and the compressor are also in the farm of heat, we can simply say that the 
electrical energy consumed is converted into heat in the compression chamber and must be 
removed from ії, 
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Small and medium sized compressors are air-cooled, and heat is usually taken off with the venti- 
lation air. On larger types water cooling is used to the same end, Now if the waste heat can be 
utilized for heating nearby facilities very good overall economy is possible. Say in one year 
500000 m? of free air are produced so that the total energy represented would be 500 x 125 
= 62 500 kWh (125 kWh are required to produce 1 000 m°). 

If we can use this thermal energy for, say, eight months of the year, then the amount of heat 
would be 42 000 kWh which is roughly what two normal sized houses need for heating and warm 
water during a year. Alternatively, it corresponds to the heat given out from 8 m? of fuel oil 
burned in a domestic furnace in a central heating system. 

In the course of the year we obtain about 7500 kWh worth of work from the 500 000 m? . in 
all tota! utilization would be 42000 + 7 500 = 49500 kWh out of 62 500 kWh consumed in the 
production of the compressed air. So overall efficiency could be 80%. 

The efficiency of water-cooled installations can be higher, as heated water can be used for such 
things as laundries or shower rooms during summer too, About 100 kWh тау be sacrificed in pro- 
ducing 1000 m? in the large compressor, so some 80 kWh can be recovered from the cooling 
water, Add to this the work performed by the compressed air and overall efficiency tops 95%, 
Thus it can be extremely cost-effective in many cases — particularly with larger installations, to 
utilize the waste heat generated in compressed air systems. 


At the other end of the scale /eakage is one of the greatest air consumers and can account for 
5—10% of installed compressor capacity. Taking a process industry as an example, with ап 
installed capacity of 2 m? /sec and leakage estimated at 596, the consumption including leakage 
amounts to 1.5 m? /sec during two day shifts and 0.5 m? /sec during the night shift. A year's con- 
sumption amounts to 

(1,5 x 3600 х 4000) + (0.5 x 3 600 x 4000) = 28 m? x 10°, 
Total leakage during the same period amounts to 
0.1 x 3600 x B 000 = 2.9 m? x 10° or 10% of total consumption. 


In other words, twice the estimated leakage. For this 'moderate' leakage, energy costs will be 
290 MWh on the basis that 1 kWh produces on average 10 m? of free air at 7 bar. 

Regular leakage measurements will keep leakage within reasonable limits. By measuring when 
production is at a standstill and when a compressor with known air flow output runs loaded in 
relation to the total running time needed to keep operating pressure at a normal value, one can 
calculate the true leakage. It is possible to localize leaks by closing off different sections during 
measurement, Regular checks should be made on local connections to air tools and equipment. 

Another important factor governing leakage is maintenance of air tools, actuating cylinders and 
valves. Air consumption increases in worn equipment at the same time as output falls off. Correct 
operating pressure is also important. Increasing air pressure for temporary increases in output only 
accelerates wear rates, which ultimately increase air consumption. Reduced pressure means great 
pressure drops in airlines, and output of power from an air tool drops quicker than the rate of 
pressure fall. So again, for work out at lower pressure, consumption increases. 

It is not merely a question of taking conservation steps at the compressor source, discipline in 
maintenance must apply throughout the system and air tooling if full conservation is to be realized. 


Specific Energy Requirement 
Specific energy requirement is defined as the (input) energy spent on compression of unit volume 
of air to a specified pressure ratio. For compressors driven by electric motors this is expressed 
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in units of joules per litre (3/1) or kilowatt hours per cubic meter (KWh/m? ) — see Fig 1. For com- 
pressors driven by internal combustion engines, the unit is grams of fuel per cubic metre (g/m? ). 
Energy costs are usually the la [gest item, emphasizing the importance of reducing power con- 


by optimized unloading of the compressor; and also suitable 


sumption wherever possible — a 
choice of compressor size. The latter can be a significant ‘parameter in the case of an installation 
where demand is likely to increase, since afficiency tends to increase, and thus specific power 


requirements decrease, with increasing compressor size. 


Compressor Power Input Required 

The input power required to generate compressed air 2t the normal air line pressure of 7 bar 
(100 Ib/in? ) is of the order of 15 kW per 47 l/min (100 ft? /min). This will vary somewhat with the 
type of compressor and its overall efficiency, and also with the actual pressure generated — see 


Table |. 


TABLE І — APPROXIMATE POWER REQUIRED TO GENERATE COMPRESSED AIR — 
POWER IN kW 
| 
PRESSURE — bar 


7 8.75 
(100 1b/An?) | 1125 tb/in?) 


1 
2 
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The true cost of generating this input horsepower depends on the efficiency of the driver. 
Electric motors are usually the most economical type of driver, since they are capable of achieving 
efficiencies in excess of 90%, offsetting what is apparently a high ‘fuel’ cost. 

A further allowance may have to be made for drive losses, where the driver cannot be directly 
coupled to the compressor. Thus i/c engines are relatively low speed machines and are suitable for 
direct coupling to lawer speed compressors {eg reciprocating compressors}. They would need to be 
geared up to drive high speed rotary compressors, or such compressors could suffer a loss of 
efficiency with direct drive. In the case of electric motors, driver speeds are again limited to a 
maximum of 3000 rev/min with synchronous motors on 50 cycle supply. 

An important point is that where demand is high and fairly continuous, efficiency figures can 
be very significant. A relatively small difference in compressor, driver or drive efficiency can rep- 
resent a substantial difference in compressed air costs over a period of a year or more. Choice of 
compressor type can, therefore, be significant — see chapter on Compressor Selection. 


Compressor Reguiation 

Either constant or variable speed control may be used to advantage, where demand is fairly con- 
tinuous, for this will usually praduce a minimum overall cost for the compressed air consumed. 
Variable speed contro! is rather better than constant speed control in thís respect, although 
demanding a more complex control arrangement, 

Stop and start control is simpler and generally more economical on large systems subject to 
intermittent demand. Here the compressor charges the receiver in the normal way, switching off 
when a predetermined pressure is reached and remaining idle until the receiver pressure has fallen 
to a predetermined low level. The compressor is then automatically restarted and continues 
running until maximurn charge has been reached once more. 


The economies of stop and start control depend largely on the number of stops and starts per 
hour, which is related to the receiver size and demand, The greater the number of stops and starts 
per hour, the higher the wear and tear on the compressor and driver, and the control gear. For any 
receiver size, the maximum number of stops and starts per hour will be realized when the air con- 
sumption figure is one half of the FAD {Free Air Delivered) of the compressor, To hold the num- 
ber of stops and starts to a reasonable level, a generous receiver size is usually adopted, eg typically 
about twice that required with constant speed regulation. See also chapters оп Compressor 
Controls and Air Receivers. 

Air Mains 

Distribution of the compressed air is by pipe, or air main, from a receiver following the compressor 
which may be either a single line terminating in a dead end, or a ring main. In both cases the main 
is normally pitched in the direction of air flow so that condensed water will be carried along away 
from the receiver end, to collect in traps or drains installed at suitable points. This is an essential 
feature of economical operation as maximum efficiency and maximum appliance life is achieved 
only by the use of clean and preferably dry compressed air. 

One of the most important control parameters in the overall economics of a compressed air 
system is optimum line sizing. Delivery of compressed air through the air mains, branch lines, and 
to industrial tools and appliances, immediately results in a pressure drop, and thus energy loss, 
These losses are minimized by optimum pipe sizing based either on a specific design pressure drop, 
or an 'acceptable' pressure drop (usually of the order of 5 to 1096). It is important to remember 
in this connection that pressure drop (and thus line sizing parameters) are dependent on air 
velocity and thus also governed by demand. 

The subject of line sizing is detailed in the chapters on Compressed Air Mains and Branch Lais 
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TABLE 11 — AIR LOSS AND POWER xd Dind BY AIR LEAKSt 
Line Pressura Leakage in e ]niln | Approximate Power Wastage 
hour Ib/in? 1/16 in 1/8 in 1/4 in 1/2 in in kW/hr 
3.5 1.45 59. 235 7.8 
7.0 6.5 28 104 415 18.5* 
10.0 95 37 тро 600 28* 


* a two stage compression tB.C|Regan {Spirax Sarco Ltd). 









Air Leaks 

Air leaks are not hazardous, but they can be extremely wasteful of power. In a typical system as 
much as 1096 of the power requirements at any period can be made up of air leaking to waste. 
Table || gives some idea of the leakage possible through various size holes, 


It is a simple exercise to detarmine the magnitude of the leaks in a compressed air system at 
some time during the day, perhaps during the lunch break when the plant has no programmed air 
requirements, by checking what percentage of time the compressor is on-load. This on-load time 
and power is being used exclusively to maintain leaks. A little extra thought and money on ensur- 
ing a good initial installation will result in a leak-free, less expensive compressed air plant, Apart 
from savings on running costs, a leak-free system will defer the need to purchase additional expen- 
sive and probably unnecessary compressor plant. 


Actuator Efficiencies 


Conversion efficiency achieved by an actuator powered by compressed air, ranges from about 90% 
down to 65% or lower in the case of linear actuators, depending primarily on the speed of 
operation. Conversion efficiency is also affected by the compression ratio, or actual air pressure at 
the actuator, normally reaching à maximum at pressures of 7—10 bar (100—150 Ib/in? ) with con- 
ventional designs of actuators. Ме derate pressures of thisjorder reduce pumping costs and also the 
stresses on lines and components subject to internal pressure. 


Actuators 


In genaral a pneumatic system is the least expensive of any type where linear motions are required, 
provided the output force required is within the practical range of air cylinders. Compressed air is 
also unique in its suitability for powering certain types of tools such as percussion tools for road- 
breaking and rock drilling, etc, and is directly competitive with electric motors for powering small 
workshop tools. 

Linear actuators powered by compressed air are inharently fast acting, but unrestricted high 
speeds can bring about high pressure drop at the inlet port, with consequent loss of effective 
pressura applied to the piston. Rarely, however, is a linear actuator called upon to work at its 
fastest speed, and efficiency сап be improved by restricting the speed attained via simple 
throttling controls. Thus an 80% conversion efficiency is readily achieved in the majority of appli- 
cations, with static thrusts or break-out forces equal to the fuil theoretical performance. Whilst 
this working efficiency is lower than that obtained with hydraulic systems, it is still high, and the 
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overall economics of compressed air as a working or 'power' fluid is often better than that of 
hydraulics, or indeed any alternative system. Further advantages are often apparent with the 
convenience and simplicity of installation offered by compressed air systems. 


The displacement demand calculated directly from cylinder geometry represents the volume of 
compressed air consumed per stroke or cycle. The equivalent consumption in terms of Free Air 
Delivered (FAD) is given by multiplying the displacement by the compression ratio (r}, /e 

Р, 
where 


P, = compressed air gauge pressure 
Pi atmospheric pressure 


Compressor capacity is normally given in m? /minute or ft? /min FAD (Free Air Delivered). If 
compressor capacity is rated in terms of free air displaced, this displacement figure must be multi- 
plied by the compressor efficiency to obtain the true FAD figure. 


Air Tools 


In the case of pneumatic tool and other appliances, air consumption figures are normally based on 
empirical data. These are normally maximum demand figures, consistent with continuous opera- 
tion. Actual demand will depend on the time factor and work factor involved. 


The tíme factor is concerned directly with the time the appliance is in use. Thus tools and 
appliances are normally used intermittently rather than continuously, when a work factor can be 
based on observation over a suitable period of use, In the case of linear actuators or devices allied 
to a work cycle, the time factor can be established more accurately by time and motion studies, or 
calculated directly from the cycle time, if appropriate. 

The work factor is related to the actual period of time during use when the appliance is con- 
suming air. This can vary from 1.0 where the appliance is continuously driven by air when being 
used, to appreciably less where the demand is other than constant. For example, actual demand 
may vary according to the work involved, particularly if the load changes, or if the speed of opera- 
tion is varied by a throttle control. 


The product of the time factor and work factor represents the true load factor, or true demand 
from the compressor, from a single tool or device. The total demand is thus the sum of all the 
individual air consumption figures multiplied by their respective load factors. This will normally be 
considerably less than the sum of all the maximum air consumption figures for all the appliances 
connected to a system, Load factors can be expressed as a percentage or decimal fraction — see 
Table Ill. The true demand is then represented by the sum of the individual maximum demands of 
all the appliances connected to the system, when each is multiplied by its respective load factor. 

The reduced air consumption in each case is derived directly by multiplying the maximum air 
consumption figure (column 2) by the load factor. The final total arrived at is 35.4% of the 
demand, as given by summing all the individual maximum air consumption figures. Provided the 
time and work factors have been correctly established, this lower figure would apparently meet all 
the requirements. 

In practice this is not necessarily so, since the study does not analyze the instantaneous demand 
at any particular time. It merely assumes that the time factors are employed simultaneously, 
whereas they are not, For any time factor less than unity, there will be periods when the actual 
demand is equivalent to a time factor of 1.0, /e when the appliance is consuming air at maximum 


1 
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TABLE [tl — LOAD sea alia 





TIME FACTOR 


rate. |f two or more of these periods coincide, as they аге very likely to, then the true total 
momentary aif consumption figure will be higher than the reduced figure, although the total 
demand over a period will equal that of the reduced figure; 

In general, it is usually satisfactory to estimate on the basis of total reduced air consumption 
and allow a generous size of receiver to take care of momentary peak demands in more detail and 
estimate mains sizes (the latter particularly) rather than Чейап to marginal values. 


Actual demand will also gli with pressure and ambient air temperature (and compressor 


delivery will also vary with air intake temperature), but these factors can generally be ignored if 
the compressor capacity and recaiver volume required is|generously estimated in the first place, 
Some readjustment of capacity requirements (and loss af compressor capacity) may have to be 
made for working at altitude, however. 

Stocking of spares can represent a major capital cost item, with low utilization where a large 
number of air tools are employed, Ideally stocks of spares should be carried covering the normal 
regular replacement items likely to be required at scheduled maintenance intervals, Stocking an 
extensive range of spares is, however, not always an economic proportion, even though a large 
number of individual tools may be involved, This is because a considerable amount of capital may 
be tied up in spares which are seldom required. On the other hand, lack of a particular spare may 
put a wanted tool out of action until the necessary replacement part has been ordered and 
delivered. 

An alternative solution, which can prove most effective, is to carry only a minimum stock of 
necessary spares — /e those normally expected to be required at short notice during scheduled 
maintenance — together with a spare stock of complete tools, A faulty tool can then be replaced 
immediately from the surplus stock should it fail before its scheduled maintenance period; or, if 
a necessary replacement part is not available from stock at the scheduled maintenance period, 
the tool can be replaced and the part ordered. When delivered, the original tool is fully serviced 
and becomes part of the stand-by stock. 

Such a system normally demands a minimum of 10% of the number of tools in regular, con- 
tinuous use as stand-by stock, but may reduce the value of the spares stock which would otherwise 
be necessary by a similar capital amount. Having the bulk|of the ‘spares capital’ in tools will show 
further benefits in minimizing shut-down tima, particular|y when dealing with emergency break- 
downs. 
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Compressors 





Compressors 





COMPRESSORS FALL broadly into two categories, displacement compressors and dynamic 
compressors. Displacement compressors induct and displace successive volumes of air (or gas} 
and work on the principle of increasing the pressure of a definite volume of air (or gas) by reduc- 
ing that volume. Dynamic compressors produce a static pressure rise by converting kinetic energy 
into pressure energy during the passage of air (or gas) through the machine. Mechanically, the 
difference is that displacement compressors incorporate a moving member or members, such as a 
piston, to produce displacement. The working element in a dynamic compressors is an impeller. 

Displacement compressors embrace both reciprocating and rotary types. Reciprocating com- 
pressors are the oldest and probably still the most common type of positive displacement com- 
pressor, Rotary compressors include screw, vane, lobe rotor and liquid ring types. During the last 
decade the oil-flooded screw compressor has come to the fore as a major type, largely because of 
the development of more efficient rotor profiles. 

Dynamic compressors include radial flow, axial flow, and to a lesser extent mixed flow 
machines. The rotor form adopted is governed by capacity requirements, axial flow machines 
offering the largest capacities. И is a general characteristic of dynamic compressors that capacity 
varies with the working pressure — eg see Fig 1 for comparison with positive duplicate types, 


pressure 


Fig 1 Constant speed compressor 
characteristics (aJ positive displacement 
compressor, (b) centrifugal compressor, 

(c) axial compressor. 
(Atlas Copcol. 
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Reciprocating Compressors 

Reciprocating compressors are suitable for operating over a very wide range of speeds, with a 
practical maximum of about 10 bar (150 Ib/in? ) delivery, Pressure from a single-stage unit; and up 
to 70 bar (1000 Ib/in?) from a two-stage machine. Mult stage reciprocating compressors may be 
built for special purposes capable of supply delivery pressures up to or in excess of 700 bar 
(10000 Ib/in?). By carefully selecting the number of stages the designer can also produce a 
machine which approaches the ideal or isothermal compression curve more closely than any other 
type, with the possible exception of the very large volume axial flow compressors. 


Reciprocating compressors are also available in e fubricated and non-lubricated designs. 
Non-ubricated compressors normally have piston rings together with bearing rings and skirts of 
filled PTFE. 


In the case of larger compressors operating with closed cycle cooling, cooling is accomplished 
by passing the water through a mechanical cooler or a cooling tower. Again temperature control 
can prove advantageous, particulatly to avoid too low a temperature being developed in the second 
stage cylinder. 

In the double-acting compressor the space on the other side of the piston is also enclosed and 
both sides are used for compression, giving two compression strokes for each revolution of the 
crankshaft. Alternatively, one side of the piston may be used for one stage and the other side for 
another stage in a two-stage compressor. Individual cylihders may also be used for multi-stage 
compressian, disposed in a number of arrangements. 


The greatest number of reciprocating compressors are single-stage or two-stage, ranging from 
fractional horsepower units up to very large machines with input power requirements of the order 
of 2250 kW (3000 horsepower}. The smaller puce usually single-stage of the single or 
vee-twin layout with air cooled cylinders and are powered by electric motors. 

intermediate sizes comprise a whole variety of айе! ent configurations. Thus vertical com- 
pressors may comprise one or more cylinders in-line, vee, "W' and 'H' arrangements for multi- 
cylinder units, and also 'L' configuration which has both vertical and horizontal cylinders disposed 
around a common crankshaft. 

The ‘angle’ arrangement of cylinders offers certain specific advantages, notably reduced bulk 
and weight and superior machine balance (since all the primary forces can be accurately balanced). 
The 'L' configuration is advantageous for larger machines with the low pressure cylinder vertical 
and the high pressure cylinder horizontal, facilitating installation, assembly, maintenance and dis- 
тап па. 

Larger reciprocating compressors are commonly horizontal double-acting, tandem, duplex, etc. 
Basic two-stage layouts are shown in Fig 2. Variations include transferring the sidethrust at the 
piston end of the connecting rod to the cylinder itself ('trunk' type); or relieving the piston of the 
sidethrust by means of a crosshead. When the space below the piston of a double-acting cylinder 
is used for pumping air, it is virtually essential to use a crosshead to convert the rotary action of 
the crankshaft into reciprocating motion in order to obtain a satisfactory seal of the piston rod 
where it passes through the compression chamber underneath the piston. The crosshead ensures 
that all sidethrust from the crankshaft is taken up in the crosshead guide and not transferred to the 
piston and cylinder, Single-acting eciprocating compressors are normally of the trunk-piston type, 
whilst differential-piston double-acting compressors can belof either type — see also Fig 3. 

Differential or stepped pistons may also be used as shown in Fig 4. Here one stage of com- 
pression takes place in the annular|space between the shoulder of the piston and the corresponding 
shoulder in the cylinder. 
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Oil Free Screw Compressors 
Howdenair Packaged Screw Compressors 





Oil Free Compressors 


500-10000dm /14—283mlminl 
15—190 psig (1-13. barsg.] 


| Howdenair Packaged 
iat Padane 


Compressors 
65-1000dm 11.84-28 3mlmin 
80—150psig (4—l0.3barsg.] 


Godfrey Blowers 


30-1200cfm (0 85-34m!fmin! 
uptol5psig [upto 1:03 бага.) 





OIL FREE COMPRESSOR 























Dependable air power — 
HOWDENAIR PACKAGED for over 30 years! 
INDUSTRIAL COMPRESSOR 

Sales Office 


Weybridge Industrial Estate 
Weybridge Sumey, KT1S 2GR. 
Tel. Weybridge 5663! 


Howden Compressors Ltd 
Glasgow G52 IBE 


Tel. 041-882 3346 
Telex 778/1 


















Williams & James (Engineers) Limited 
Chequers Bridge, Gloucester, GL1 4LL 
Tet: Gloucester (0452) 28431 Telex: 43233 
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Williams and James have been engaged 
in high reliability engineering for over 
Sixty years. During that time our major 
effort has been in the development of 
oil-free air and gas compressors. 
We specialise in giving high quality air 
with exceptional machine reliability. 
These parameters give the W & J range 
of compressors their reputation for 
quality throughout the world, and 
‘especially in the control and 
instrumentation market, which has such 
Stringent requirements. Our range of 
oil-free compressors has been 
developed to meet these requirements 
and are considered the best available. 

t Williams and James we believe that 

e have an obligation to advise our 
customers not only on plant selection to 
ensure the correct unit is used for the 
lob, but also to supply the necessary 
operational know-how and spares 
support for the installation. 


In order to extend this service during 
the compressor's working life a full 
maintenance and service contract is 
offered to cater for any eventuality. 
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Series 695 
Outputs up to 200 cfm 
Pressures up to 150 psi 


The series 695 compressor I$ 
designed to provide top quality air for 
instrumentation and control, breathing 
air and other demanding applications. 
Being air cooled, it has found many 
applications in arid, cold and marine 
environments because it does not 
involve the extra installation and 
maintenance costs of waler-cooled 
machines. 

The 695 is a two-stage, two cylinder 
compressor incorporating piston rings 
running in dry cylinder bores. Integral 
air-blast inter and after coolers are 
incorporated. Crankcase motion work 
is force lubricated, and dynamic 
balancing with vee construction gives 
smooth, vibration-free running and 
high reliability. p 








Series 190 
Outputs up to 120 сіт 
Pressures up to 125 psi 


Series 190 are oil-free compressors 
developed to provide high quality air 
for instrumentation and control, 
surface demand diving, breathing air 
for hazardous environments, in desert 
and arctic areas and marine 
applications. 

This series can be supplied in one, two 
or four cylinder versions with 5 inch 
bores and stroke. Cylinders are all 
fitted with carbon rings. The one and 
two cylinder units are vertical, while the 
four cylinder versions are in vee form. 
Crankcase motionwork is force 
lubricated in all cases and is fitted with 
integral air-blast after coolers. 





Series 175 
Outputs up to 35/40 сіт 
Pressures up to 2,500/4,000 psi 


Series 175 are rugged, high output 
compressors suitable for both air and 
gas duties. Used for pneumatic gun 
operation for offshore seismic surveys. 
With associated filtration and drying 
equipment also widely used for 
breathing air bottle charging and for 
handling oxyhelium mixtures for deep 
diving. 

Series 175is avee-form, four cylinder, 
three stage compressor with water or 
radiator cooling, incorporating inter and 
after coolers and moisture separation. 














А filter isa device 
for removing oil 
that neednever 
have been there. 


No filter removes all the oil from the air — all of Send for our booklet on JOY "' Oil-Free 


the time. No matter how often you c ange it. Compressors. It contains all the facts. 
And that's a principle that needs changing in 















itself. Joy Manufacturing Company (UK) Limited 

у | f - Peel Park Place, East Kilbride, Glasgow G74 5LN. 
A filter, in fact, needn't be there in the first Telephone: 03552 39191 

place 


B TM 
JOY "" made them unnecessary by just not 


allowing oil into the compressor cylinder. It stops in 
the crankcase because Joy’s double acting cylinder 
head design uses an extra long piston rod and spacer. 
That part of the rod which runs in the crankcase 
never enters the cylinder. Fitting the long rod with an 
oil Бае ring and a stack of segmented wiper rings 
ensures no oil carry over or creep. 

Result? A dry cylinder, which, with some 
specially designed corrosion resistant omponents 
gives a capacity for hard wear that màkes the 
argument for lubrication seize up. 

The savings on expensive filter 
nts soon make up the price difference 
tween a lubricated and an oil-free 
achine. 
So give up changing the filter. 
Change to JOY" 





JOY and iba Joy world logo are trade marks of Joy Manutactunng Company 
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In line 


Fig 2 





Compressor 


Horizontal opposed Integral L-type 





W-type Horizontal opposed 
(Boxer type) 


Fig3 


Engine 





Compressor Compressor 


Vertical Integral L-type integral W-type 





"Horizontal with stepped piston 
(Four-stage) 





Vertical with stepped piston 
(Two-stage) Fig 4 
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The use of multi-stage reciprocating compressors is normally confined to higher pressure 
requirements, Three-stage units for continuous duty are produced capable of discharge pressures 
up.to 175 bar (2500 Ib/in? ), whilst output pressure can be further increased, if necessary, by 
additional staging. The design tends to be much more complex than in the case of single- and 
two-stage reciprocating compressors, but again may embrace either single- or double-acting 
cylinders and trunk pistons or crosshead configuration, 


For continuous duty compression ratio per stage is usually of the order of 2.5 to 3.5. Com- 
pression ratios of 6 or more pér stage may, however, be used on multi-stage machines intended 
primarily for intermittent duties! 


Labyrinth Piston Compressors 


This description is given to the type of nonJubricated reciprocating compressor working without 
piston rings, employing instead an extended labyrinth sgal. This is formed by fine grooves cut in 
the cylinder wall and a coarser screw thread form cut in the piston skirt. The piston rad seal is also 
usually of labyrinth type. Delivery is oil-free but internal leakage is higher than with ringed piston 
types. 


Rotary Screw Compressors 


Rotary screw compressors employ two intermeshing rotors with helical lobes. The inlet is located 
at one end of the rotors. As the rotors revolve, the space between the unmeshing lobes increases, 
allowing inlet air to fill up the intervening space, until the male lobe is disengaged from the female 
lobe along its whole length. Thelhelices of the male and female rotors are designed to permit com- 
plete charging of the inter-lobe space before they ramesh. On completion of the filling operation, 
the inlet ends of the male and female rotors pass the inlet port and become sealed in the casing. 


With continuing rotation, the male and female lobes begin to re-engage each other, the volume of 
this space is reduced and compression begins, This compression increases with continuing rotation 
until the built-in pressure ratio is reached and the air is discharged through the outlet port, see 


Fig 5. 


The absence of valves and unbalanced mechanical forces enables screw compressors to run at 
high shaft speeds. In dry type screw compressors the roto 5 are driven by external timing gears. 

Clearances between the male and female labes, between lobes and casing, and betwaen the ends 
of the rotors, are kept to the mihimum, so that the minimum of slip or leak-back from the high 
pressure side to the inlet side is obtained. This machine has the advantage over the reciprocating 


- Fig 8 Working principle of a rotary screw 
compressor, 
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compressor of mechanical simplicity, as there is no contact between the male and female rotors 
and/or the casing. Therefore no internal lubrication is required, and oil-free air is obtained. іп 
addition, as inlet and discharge valves are not required, maintenance is greatly simplified, A par- 
ticular limitation of dry screw compressors, however, is that very high speeds are needed to 
maintain compressor efficiency at low capacities. 


This limitation is overcome in the oil-flooded rotary screw compressor where oil is injected into 
the clearance space to seal the internal clearances. This oi! also serves to lubricate the rotors, one 
of which can drive the other rotor (/е eliminating the timing gears); and serves a further function 
in providing cooling of the air during compression. 

A typical oil-flooding system is shown in Fig 6. Injected oil is reclaimed in two stages, and re- 
circulated. Injection is normally done by using the discharge air pressure, although on some designs 
it may be provided by a separate scavenging pump. 


This type of rotary screw compressor is also used for supplying oil-free air, using water-injection 
instead of oil-injection, The disadvantages in this case are the necessity of protecting the com- 
pressor interior parts from rust, and the need for special seals to separate the compression space 
from any oil-lubricated bearings. 


1 — air filter 
2 — inlat throttle 
3 — compressor element 
4 — non-return valve 
5 — oil separator 
6 — oil sump 
7 — uil saparating filter 
8 — non-return valve 
9 — cooling fan 
10 — oil cooler 
11 — oil filter 
12 — throttling 
13 — thermostatic valve 
14 — non-return valve - 





Fig 6 Oil-flooding system for a rotary 
screw compressor. Fig 7 Working principle of a single-screw 
(Atlas Copco) rotor compressor. 
(Atlas Copco). 


Capacity regulation can be provided by a valve that controls the air supply to the compressor, 
or more simply by varying the speed, The delivery pipe is normally fitted with a check valve so 
that the system is automatically closed when the compressor is stopped or idling. In the latter case 
air is conducted from the high-pressure side to the intake side via a suitable channel to prevent the 
compressor working as a motor. 

A further type of oil-flooded screw compressor is shown in Fig 7. This design employs a single 


screw with two gate rotors providing tight sealing. In this case the pressure ratio is determined by 
the number of screw threads. 
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| 





small machine, They can Бе used to generate much higher pressures than a Roots blower. Pressure 


Screw compressors are suitable for high speed operation and thus deliver high capacities from a 
ratios of 3.5:1 to 5:1 can be obtained in a single stage ом 


12:1 in two-stage machines. Thus single- 
stage machines are suitable for dalivery pressures up to 4.2 bar (60 Ib/in? ) and two-stage machines 
for deliveries up to 10 bar (150 [К ]. Operating speeds are normally high, since this enables the 
size of the machine to be reduced, and may range from 3 000 to 25 000 rev/min. Typical capacity 
range is from 2.8 m? /min (100 ft/min) FAD up to 425 m/min (15000 ft? /min) FAD. 
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Lobe Rotor Compressors (Figs 8 and 9). | 
Lobe rotor compressors (Fig 9) operate on a similar principle to dry type rotary screw compressors, 
but are restricted to the generation of low pressures only. | 

Volumetric efficiency depends on maintail ing the smallest possible clearances between the 
rotors and between rotors and casing. Delivery pressure depends on the back pressure in the 
system since no actual compression takes place in the compressor. This normally results in poor 
efficiencies at pressures above 0.6 to 0.7 Баг (8-10 | in?} although pressures up to 2 bar 
(30 Ib/in*) can be obtained with asonable efficiency on (two-stage machines. Special versions of 
Roots blowers may be capable of providing pressure of up to З bar (45 Ib/In? . 

The principal advantages of this form of blower are simple construction and high operational 
reliability — particularly for the low pressura delivery of air or gases, 

Speed of operation of Roots blowers ranges from about 250 rev/min for large machines to 
6000 rev/min for small i/c engine superchargers. High speeds are usually desirable in order to 
reduce the size of the machine and increase volumetric efficiency, leakage rate being largely 
independent of the actual size of the machine, but increasing substantially with increasing 
pressure. Back pressure or backflow is also responsible for a iarga rise in temperature relative to the 
rise in pressure, 


At delivery pressures up to about 0.6 bar (8 Ib/in? ) efficiencies compare favourably with most 
other types of compressor, but dua to increasing losses the maximum pressure obtainable with a 
single stage is of the order of 1 bar (15 Ib/in? ). Two-stage machines, used for pressures up to 2 bar 
(30 Ib/in? ), are normally provided with intercooling to malntain a reasonable discharge tempera- 
ture. Low pressure (under 1 r) Root's blowers 


re available with capacities from 
1.4—8.5 те /min (50—300 ft? /min): 





“= Belliss & Morcom 


The total service in service air 





Belliss & Morcom offer a total service in medium to heavy-duty service air. 

Air or water cooled compressors are available, lubricated or oil-free in capacities 
from 120 to 3000 cfm (3.4 to 84 M? /min). They can be skid-mounted, free-standing 
or supplied as completely packaged units. The outstanding qualities of the range are 
massive dependability, easy installation and maintenance and a rationalised build-up 
which facilitates servicing with speed and economy. 


'V' and М' Compressors 


'Commander' Range 
Confarming to metric standards these compressors incor- 


Air-cooled medium duty packaged compressor for easy 


instant installation. 3 models avaitable: 2 V-twins (300 and 
420 cfm) and 1 V four cylinder models (600 cfm}. All models 
are designed for continuous duty — inside, outside or even 
underground in a flameproof version. 








New PBM Series Medium Duty Packaged 
Compressors 

Models provide outputs of 300 and 420 cim respectively 
under designations PAM 30/42/60, These are acoustically 
packaged compressors, air-cooled and salf-contained for 


simple installation, The silencing is extremely effective making 


these units compatible with most working environments. 


Belliss & Morcom 


NET A Northern Engineering 


-APE Industries Company 
— 





porate every advance made possible by modern technology. 

They are renowned for long-term dependability and low- 
vibration, eliminating the need for special foundations, 
Available lubricated or oil-free, in single-stage, two-stage and 
three-stage form. 





New PVH Series Heavy-Duty Packaged Compressors 

Acoustically packaged with all ancillaries these units 
represent a major advance for users of heavy-duty service air. 
No special foundations are needed. Silencing is most effective. 
Capacities from 500 to 1200 сіт, 





Icknield Square, Birmingham B16 001. Telephone: 021-454 3531 
Telex: 337507. Cables & Telegrams: APEBIR G. 





compressors--exhausters 


The Donkin МКП! Roots type Compres- 
sor is an improved range of positive dis- 
placement machines. It is designed to 
give a pressure rise of 1.03 bar 

(15 Ibf/m? ) from atmosphere on all sizes 
with a capacity range of 16.8 m? /m 
(600 cfm) to 510 m? /m (18,200 cfm). 
As an exhauster, vacuums up to 380 mm 
Hg (15" Hg) can be achieved under 
normal dry operation and 560 mm Hg 
(22" Hg) with water injection to the 
inlet side, 





An SD90C Centrifugal 
Blower as supplied for a 
pulp and paper mill in 
Canada. It is driven by an 
electric motor through 
epicyclic speed increasing 
gear. 

Typical duty: 






Volume flow 820 m /m of air 
(29,000 s.c.f.m.) 
Working pressure 0.55 bar 
(8.0 Ibf/in? g) 
Blower speed 7090 r.p.m. 


A 2HB2GT two stage, oil free, 
dual duty argon/nitrogen 
compressor. Typical duty:- 
Pe 0.02 Kgf/cm? 

(0.3 Ibf/in? ) 
Pa 3.18 Kgf/em? 

(45.3 Ibf/in? ) 

Capacity 4.4x1162 Nm? /hr 

(10* s.c.f.h.) 
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valves and regulators ·- 


Fig.994 Hot Gas Valve. 

This valve is one of the very 
few valaves available for con- 
tinuous duty at elevated 
temperatures, especially in the 
size ranges offered. 

2" to 42" bore diameter. 
Working pressure 20 Ibf/in? . 
Temperature 750°C. 





Non-Return Valve. 

Size range 2" to 48" diam. 
Working pressure 100 Ibf/in? 
(7.03 Ка ст ) 


5 a 






Donkin 680 Regulator. 

An extremely versatile, 
sensitive and stable regulator 
giving 40% extra capacity. 
Sizes 2" to 8" bore. 
Maximum pressure — 

Inlet 30 Ibf/in? 

Outlet 4" to 56" м.д. 





Fig. 50 Ball Valve. 

A quick operating valve with 
wide field of application 
where 10096 cut-off is 
required. 

Especially suitable for the 
isolation of gases. 

Sizes 12 to 6". 


clonkin 


valves, regulators and 
compression plant for gas and 
process installations 









BRYAN DONKIN COMPANY Ud; CHESTERFIELD. Phone(0246) 73153 & 70151 




































SECTION 1 — Systems and 
Fundamentals: The Energy 
Crisis; Prime Movers and 
Drivers; Electric Motors; 
Electric Motor Speed Con- 
trols; Servo Motors and 
Controls; Mechanical Power 
Transmission; Bearings (Prin- 
ciples}; Shafting (Principles); 
Belt Drives (Principtes); Gear 
Drives (Principles); Variabie 
Speed Drives, Vibration, 
Shock and Noise; Machinery 
Health Monitoring; SI Units; 
Power Transmission 5е!- 
ection Guides, 


SECTION 2 ~ Power Trans- 
mission Equipment: Searing 
Loads; Plain Bearings; Ball, 
Roller and Needle Bearings: 
Plummer Blocks; Elastomeric 
Bearings; Miscellaneous and 
Special Bearings; Flat Belts; 
V-Belts; Special Belts; Instal- 
lation and Maintenance of 
Balt Drives; Chain Drives, 
Belt and Chain Tensioners; 
Couplings, Clutches; Brakes; 
Clutch and Brake Calculat- 
ions; Freewheels; Gears and 
Gearing; Mechanical Trans- 
missions; Magnetic Drives; 
Fluid Drives, 


SECTION ЗА — Related’ 
Associated Mechanisms and 
Elements: Universal Joints; 
Flexible Shafts; Pulleys 
(Sheaves); Dampers and 
Shock Absorbers; Torque 
Limiters; Tension Stabilizers; 
Keys and Splines. Circlips 
and Retaining Rings; Ball 
Screws and Lead Screws; 
Springs; Miscellaneous Mech- 
anisms. 


SECTION ЗВ — Related 
Associated Systems: Speed 
Reducers; Step Motors; 
Dynamic Braking: Con- 
vayor Belt Drives: Rape 
Drives, 
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SECTION 3C — Ancillaries 
and Related Subjects: Lub- 
rication and Lubricants; 
Filters; Seals; Oil Seals; 
Instruments; Anti-Vibration 
Treatment; Noise Control, 


SEQTION 4; British Stand- 
ards Relevant to the Power 
Transmission Field, 
SECTION 5; Buyers’ Guide; 
Editorial Index. 
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Vane Compressors 


There are numerous variations on the design of vane compressors, but all follow the general form 
of a cylindrical rator with a series of radial slots cut into it. The rotor is mounted eccentrically in 
a cylinder. Each slot in the rotor carries a blade, the outer edge of which is kept in contact with 
the cylinder by centrifugal force. As the rotor turns, the space between each pair of adjacent vanes 
alternatively grows and contracts. The inlet port is positioned to let in the air where the space is 
opening up, and the delivery port opens where the space closes. This cycle of operation is shown in 
Fig 10. 





Discharge 
As rotor turns, gas 15 trapped Gas 15 gradually compressed Compressed gas is pushed out 
in pockets formed by vanes as pockets get smaller through discharge port 


Fig 10 Working principia of а rotary 
vane compressor. 








Restraining blades 


Restraining ring 
Blades 


ЕС 22 
= © 
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Rotor Fig 11 Vane compressor with sliding rings 


Rotor shaft 


Vane material is commonly resin-impregnated fabric laminate, but on smaller machines may be 
of hardened steel. For oil-free delivery, bronze and carbon/graphite vanes are normally used. 

Due to the large centrifugal force acting’ on the cylinder, the larger machines usually have a 
floating cylinder liner or rings, which are slightly less in diameter than the cylinder bore. Con- 
sequently the blades are in contact with this floating member, which is free to rotate in the 
cylinder, with the result that in theory all wear between the blades and cylinder is eliminated. 

Medium or large capacity vane compressors running at high speeds normally incorporate a 
method of avoiding contact between the vanes and casing wall in order to reduce wear and mini- 
mize frictional losses and overheating. A widely used method is to fit restraining or floating rings 
over the vanes, the internal diameter of these rings being slightly less than the cylinder bore. The 
geometric difference is calculated to preserve a minimum clearance between the vane tips and the 
casing walls under operating conditions — see Fig 11. The rings actually rotate with the vanes but 
the peripheral speed of each vane tip varies with the degree of extension. The rings rotate at con- 
stant speed. There is thus some relative motion between vane and rings, but the contact between 
rotor and rings is essentially a rolling motion. 
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The number of blades is usually limited to a maximum of 10 or 12 with high speed designs pro- 
viding discharge pressures of the order of 7 bar (100 Ib/in? ), A lesser number — eg B blades — may 
be necessary where relatively thick blades are used, To increase volumetric efficiency it is also des- 
irable to spread the pressure difference between inlet and outlet over two rotors, leading to a two- 
stage rotor, It should be noted that, unlike other compressor types, intercooling is not required 
between stages (since continuous cooling is provided by the oil in both stages) and the only sig- 
nificance of staging is in improving volumetric efficiency. 

Vane compressors do not have valves, but a check valve may be installed after the compressor. 
Capacity may be controlied by a throttle valve in the air supply line, although automatic stop— 
start regulation is usuaily more economical. 


Vane-type compressors may be single- or two-stage, cooled by water, air or oil, Single-stage 
vane pumps are generally used for pressures up to 4 bar (60 1b/in? ) and two-stage machines for 
pressures up to 10 bar (150 Ib/in?) whilst operating speeds may range from as low as 250 rev/min 
up to 3500 rev/min, speed normally being inversely proportional to size. Being a well balanced 
machine, a vane compressor is well suited for direct connection to a relatively high speed driver 
leg an electric motor], Its efficiency, however, is generally less than that of a reciprocating com- 
pressor and can decrease substantially with age through blade wear. 

The vane compressor is generally most efficient at lower working pressures, Capacity range 
covered by vane compressors is normally 1.5—8 m? /min (50—200 ft? /min). 





Single-stage vane Compressor. 


Cooling Vane Compressors 

On earlier designs cooling was either by air or water. In the former the casing is usually finned to 
increase the external surface area and thus the rate of heat dissipation, With water cooling, the 
water jacket is normally cast integral with the casing and a circulatory flow of clean cold water 
established so that the temperature of the discharged air does not exceed 150°C (300° F). Cooling 
requirements are not as severe as with reciprocating compressors since there are no restrictions on 
the discharge side and incoming air does not come into contact with a heated surface to raise its 
initial temperature. Water cooling is normal for vane-type compressors where the discharge 
pressure exceeds 2 bar (30 Ib/in?)}. In the case of two-stage machines, intercooling is normally 
provided, either by a separate intercooler, as in the case of reciprocating compressors, or by an 
intercooler built into the base of the machine. 
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Oil-cooled rotary vane-type со!тіргеѕѕогѕ are a more г nt development, the principle being 
that oil is injected in relatively large quantities into the compressor and recovered on the discharge 
side and recirculated, Besides м Кт the most effective form of cooling by acting as a heat 
transfer medium in direct contact with the air, flooding machine with oil considerably reduces 
internal leakage and improves volumetric efficiency. Volumetric efficiencies of oil-cooled vane 
compressors, in fact, are usually directly comparable with those of reciprocating machines, whilst 
the former are considerably more compact and lighter for a similar duty. 

The quantity of oil circulated| and injected is normally designed to provide the maximum 
acceptable degree of cooling and in some cases may be of the same order as the volume of air 
delivered at the discharge end. To remove the oil at the discharge end it is usual first to interrupt 
the flow with baffles on which the oil can impinge, then to pass the discharge through a separator 
or filter to remove as much as possible of the maining oil. Oil separation is assisted by the fact 
that the discharge temperature [5 low so the oil is in the form of droplets rather than aerosol size 
particles and vapour, and oil removal to the order of 99,0—99.99% is usually possible by simple 
mechanical separation, 


Diaphragm Compressors 


Diaphragm compressors are positi displacement, oil-free type. They are generally classified aş 
either mechanically driven or hydraulically actuated, depending on the method of deriving dia- 
phragm movement, Mechanical di phragm compressors are manufactured in smaller capacities 
than hydraulically actuated units and consequently overlapping of the two types only occurs over 
a restricted range. 







Mechanical machines are less expensive to produce, are Very compact and can be used on appli- 
cations involving sub-atmospheric pressures. (See also Fig 1 | 


Hydraulically actuated units are able more easily to generate high pressure than are mechanical 
machines as the latter are usually limited by considerations such as bearing loading. 

Apart from the fact that the compact form of a diaphra m unit enables it to be built directly 
onto an electric motor or driver {or hydraulic pump in 
machine], the main advantages offered by diaphragm comprüssors are: 


(i) Complete gas-tightness wit only static sealing involved. 


(ii) Isolation of the gas being handled and thus the possibility of 100% oil-free com- 
pressed gas supply. 


The main limitations of the type are low delivery rates and a limited compression ratio. The 
latter applies particularly to mechanically-operated diaphragms where the diaphragm is normally 


of synthetic rubber, Hydraulically-operated diaphragms may employ metallic diaphragms and be 
capable of generating much higher pressures. Multi-staging is a me with both types. 
h 


the case of a hydraulically-operated 


Positive displacement oil-free type. it is based on a rotor 
in a cylinder and so rranged that clearance between the 
ily on each revolutjon of the rotor — Fig 13. The cylinder 

ne is handling air, During Operation, the 
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Fig 13 Cross section of a liquid ring 
compressor. 
Fig 12 Cross section of a mechanically 
actuated diaphragm compressor, 


water is carried around the cylinder by the action of the rotor blades. Due to the centrifugal force, 
the water forms a solid ring around the cylinder, the inner wall of which varies in its distance from 
the rotor, as in fact the cylinder wall does. Thus, the space between the blades varies cyclically, as 
with the sliding vane compressor. 

Unlike the sliding vane compressor it is possible, by suitably designing the cylinder wall, to 
obtain several cycles of expansion and compression per revolution, In practice this is usually 
limited to one or two. During operaen, water may be either supplied from an outside source, or 
recirculated through a heat exchanger. 

In theory, compression is isothermal, although in practice there is a substantial energy loss due 
to the churning action of the blades. The type is thus relatively inefficient (eg compared with a 
reciprocating compressor for the same duty}, but due to its oil-free operation, the liquid ring com- 
pressor has applications in chemical engineering or where the air or gas being handled has corro- 
sive elements in it. It is also used as a vacuum pump. 

Liquid ring compressors are made in sizes from 1—80 m? /min (12—940 ft? /min). Operating 
speeds range from 300—3 000 rev/min depending on the size of the machine. 


Dynamic Compressors 
Dynamic compressors are essentially turbo-machines in which compression is achieved partially by 
compressing the air by a reduction in relative volume through the rotor and partly by increasing 
the kinetic energy of the air in respect of its absolute velocity. This kinetic energy is subsequently 
converted into pressure energy by diffusion in the stator. Types involved include both radial flow 
(centrifugal) and axial flow machines. They are, in fact, dynamic machines rather than positive- 
displacement devices and thus differ in characteristics from both reciprocating compressors and 
other types of rotary machine, working on positive displacement principles. They also differ from 
the other types in that no attempt is made to seal the rotor or compressing element — see Fig 14. 
In the centrifugal compressor a multi-bladed impeller is rotated at high speed in a casing. Air 
trapped between the blades is accelerated and thrown outwards, leaving the blade tips with 
increased pressure and high valocity to enter a diffuser ring. Here there is a region of increasing 
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Fig 14 Sectional view of a typical five- 
stage horizontally split centrifugal 
compressor. 
(Atlas Copco), 


area in the direction of flow, resulting in a reduction in velocity and a substantial increase in 
pressure. From the diffuser the air enters the volute casing with further reduction in velocity and 
increase in pressure. At the same time flow through the impeller is maintained by a reduction in 
pressure at the inlet, drawing in a јоп пџа! supply of air as long as the impeller is rotating. Inlet air 
may enter from one side of the in peller only; or from both sides simultaneously, when the com- 
pressor is known as a single-flow or double-flow type res ctively, The advantage of double-flow 


is that thrust forces on the impeller are balanced. 


The pressure which can be obtained in a single stage is limited by the maximum permissible 
peripheral speed of the impeller, which is typically of the order of 300 metre/sec (1000 ft/sec). 
This largely limits single-stage capabilities to! а maximum delivery pressure of about 0.4 bar 
(6 Ib/in? ), although higher pressures can readily be achieved by adding more stages. Thus, typic- 
ally, 2.5 bar (35 Ib/in?) may be produced in five stages and very much higher pressures can be 
achieved if required with further| staging. Equally, mul “staging is not always associated with 
higher delivery pressures as multi-stage machines may be specifically designed for low pressure 
applications, 


A distinction is also drawn between ‘low’ and ‘high’ pressure aerodynamic machines, Where 
the delivery pressure does not excded about 2 bar (30 Ib/in? ) such machines are generally termed 
‘blowers’, and where delivery pressure is 2 bar (30 Ib/in?) or more they are termed'compressors/ 

Discharge pressure and volume of air delivered are co-ri lated, Thus if at a given speed the back 
pressure is reduced, the volume delivered will increase, and vice-versa — see Fig 15. If the back 
Pressure increases to a value above that generated by the compressor then a condition known as 
‘stall’ or ‘surge’ occurs and gas flows back into the machine, If the pressure then drops the machine 
starts to deliver again and if this sequence is allowed to continue serious damage to the machine 
could result. Practical operating limits as regards characteri ic curves, are, therefore, terminated in 
a surging limit — see Fig 16, To avoi surging it is desirable that the controls of the machine should 
incorporate a provision for isolating it from the mains n operating conditions approach the 
surge point, and for restoring it to operation when the корс has fallen, 
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Operating speeds of centrifugal compressors need to be high for good performance — eg 20000 
rev/min upwards. Minimum capacity is mainly limited by the flow through the last stage, 160 
lit/sec being a typical figure. Centrifugal compressors do not generally need cooling (except if used 
for generating higher pressures), but their efficiency at a normal working pressure of 6—7 bar 
(90—100 Ib/in?) is somewhat lower than displacement type compressors except at high capacities. 


Axial Flow Compressors 

Axial flow machines are similar in principle to centrifugal types except that the air is moved 
through a series of alternate rows af rotating and fixed blades with the mean direction of flow 
parallel to the axis of the rotor. In general they are more efficient than centrifugal machines, 
largely because of the simpler and shorter flow path, but they are considerably more susceptible to 
changes in throughput. Thus, whilst a centrifugal machine may tolerate reductions in throughflow 
of as much as 30%, axial machines can barely tolerate any reduction without serious loss of 
efficiency. They are particularly suited for handling large volumes of air, but centrifugal machines 
are better able to handle wide ranges in quantity where the variation in delivery pressure or com- 
pression ratio is relatively small. 

Basic elements involved in an axial flow compressor are a row of moving blades attached to а 
rotor followed by a row of fixed blades attached to the casing, the pitch of the two rows of blades 
being in opposition — Fig 17. Curvature applied to the blades has the effect of increasing the 
sectional area through which the gas is flowing with resulting pressure increase as in the diffuser of 
a centrifugal compressor. At the same time work is being done on the gas by the rotating blades, 
increasing its absolute velocity. The process is repeated throughout the length of a succession of 
blade sets with velocity of the gas relative to the moving blades decreasing and the absolute 
velocity of the gas increasing. The fixed blades also act as diffusers providing a further increase in 
pressure to the gas passing through them. The quantity of air delivered is more influenced by 
delivery pressure than is the case in centrifugal machines — see Fig 18 — and the characteristic 
curves are somewhat flatter — see Fig 19. 
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Axial flow machines offer a considerable economy in overall size over centrifugal machines for 
handling large volumes of air at high efficiency. They would be a normal choice for capacities 
above 65 т? /sec and effective pressure up to about 14 bar (200 Ib/in? ). 


See also Survey of Compressors. 
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Compressor Performance 





PRACTICAL COMPRESSORS normally work by a polytropic process, ѓе intermediate between 
true isothermal and true adiabatic compression — Fig 1. There are definite advantages to be gained 
from achieving the final degree of compression required in two or more stages, with intercooling 
between stages. Multi stage compression increases the volumetric efficiency and power require- 
ments — power input being a minimum if the total work is divided equally over the stages. Cooling 
is particularly useful in decreasing the final air temperature and it also reduces the work input 
required to achieve the same degree of compression. This is exemplified in the generalized com- 
pression diagram of Fig 2 for two-stage compression and intercooling. The first stage polytropic 
curve approaches closely the adiabatic curve but at the conclusion of this stage air temperature is 
reduced to its original value by intercooling and the volume is also reduced. The second stage poly- 
tropic curve then follows more closely the isothermal line, the shaded area representing the input 
power saved by cooling. in practice the temperature reduction is more significant than the work- 
saving and the desirability of multi stage operation is greater with increasing final pressure and 
capacity required, 

Power requirements for multi stage compression are minimal if the total work is divided evenly 
over the stages, although this can also be affected in practice by the degree of cooling achieved. 
With perfect intercooling minimum power is required when the pressure ratio of all the stages is 
the same. 
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As a general rule, the greater the number of stages the greater the efficiency possible because 
of the close approach that can be realized їо isothermal compression. In practice, however, the 
number of stages employed may have to be limited on grounds of complication and cost. Basic- 
ally, therefore, for any particular pressure level there is an optimum number of stages for a com- 
pressor designed for a particular application. 


Volumetric Efficiency 

Volumetic efficiency is a function of capacity normally specified in terms of free air delivered 
(FAD). This refers to the volume of free air at the intake pressure and temperature which the 
compressor will take in, compress and де мега! a stated delivery pressure, Output of a compressor 
refers to the free air delivered when the machine is working at the specified intake pressure and 
temperature and specified delivery pressure. 


The volumetric efficiency (ny) is expressed by 


where K is a factor, depending on heating of the air and valve losses 
lalso varying with pressure ratio). A typical value is 0.96 


Ус = relative clearance volume (typical values for average compressor 
designs 0.06—0.12) 


P, = intake pressure of the final stage. 
Р; = discharge pressure of the first те. 
n = polytropic exponent (typical value 1.3) 


Compressor Efficiency | 


Compressor efficiency is defined| by the ratio of the theoretical work required to compress a given 
amount of air to the actual amount of work developed о the air. The theoretical calculation may 
be based on isothermal compression (n = |1 in the basic formula) or adiabatic compression 
(n = 1.405), in which case the ratio would be referred to as the isothermal compression efficiency 
or adiabatic compression efficiency respectively. 

The mechanical efficiency is the ratio of work done on the air to the actual work input to the 
machine and thus is a measura of mechanical losses. The overall efficiency is the ratio of the total 
power output to total power input, which can also be expressed as the product of the compression 
efficiency, mechanical efficiency and driver efficiency. 

Thus volumetric efficiency largely governs|the size of compressor required for a given duty, and 
overall efficiency the cost of the compressed air, Since annual power costs may approach one 
quarter to one third the initial cost of the compressor of a typical large volume industrial system, 
overall efficiency can be an impoltant factor in deciding on the most economical plant to install. 






Power Requirement 
The specific energy requirement to compress unit volume of air is a direct measure of the power 
requirement. For stationary compressors this is in Joules per litre (J/lith; or more realistically 
kilowatt hours per cubic metre (KWh/m? ). This depends specifically on the pressure ratio achieved 
and the representative isentrop —|зев Fig 3. 
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— single stage isentropic compression 
JB B— two stage isentropic compression 
C-jsothermal compression 





Fig 3 Theoretical specific energy 
requirement curves for air. 
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in the case of i/c engine driven compressors, specific energy consumption is calculated in terms 
of grams of fuel per cubic metre (g/m? ). 
Reciprocating Compressor Performance 


With a reciprocating compressor the capacity is not affected by the working pressure, unless this 
affects internal leakage. The idealized compressor diagram then takes the form shown in Fig 4. 


The displacement of a reciprocating compressor is expressed as the net volume actually dis- 
placed by the piston at rated machine speed or unit of time, or that of the first stage in the case of 
multi-stage machines. The capacity is defined as the actual volume rate of flow of gas compressed 
and delivered at the standard discharge point, referred to conditions of total temperature, total 
pressure and composition (eg humidity) prevailing at the standard inlet point. 


The practical form of the volumetric efficiency formula is:- 


- compression ratio 
- polytropic exponent 
cylinder clearance expressed as a decimal 


= correction factor for leakage, etc, typical values being 0.025—0.035 
for lubricated machines to 0.07 for unlubricated machines. 


»o27 
n 
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The factor K is an empirical value of less than unity, allowing for other practical losses such as 
incomplete filling of the cylinder on each stroke. А typical value is 0.95. 


4) 


n-i 


n 
power required = PV (==) ( 


where 
P - cylinder inlet pressure 
V volume flaw at cylinder intake conditions 
r compression ratio 


t 


In practical units: 








kW required = 0.0024 PV ( = 


where 
P is in bar 
V is in m? /min 














In practice the actual power required is normally determined from an indicator diagram which 
will indicate the thermodynamic reversible adiabatic process, which can be generally classified as 
cylinder losses. Further losses car) result from fluid friction through inlet and discharge valves, 
together with mechanical (friction) losses. In general, with good design and construction, com- 
pression efficiency can be expected to be of ihe order of 85 to 95%, and mechanical efficiency 
from 83 to 93% is typical. This means that overall efficiency is likely to be between 75 and 85%, 
compared with ideal isentropic compression. | 

Power saving is possible with multi staging. Increasing the number of stages normally increases 
the overall efficiency and thus the economy of operation of the machine. It must be appreciated 
in such cases, however, that cylinder diameters are usually selected for specific intake and 
discharge pressures and operational pressures other than désign values can have a marked effect on 
the performance of these machines. 


Other Positive Displacement туре | 
Other types of positive displacemant compressors — eg rotary screw and vane compressors — may 


have a fixed pressure ratio. The form of the compressor diagram is similar, but if they are operated 


above or below the design pressure, the diagram is modified as shown in Fig Б. 
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Fig 5 Operation at pressures deviating from the built-in pressure ratio. 
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The typical diagram for a lobe rotor compressor is different again — Fig 6. 


Dynamic Compressors 


Any turbo-machine operated at constant speed is capable of delivering a wide range of volumes 
with only a small variation in pressure. If volume is decreased by throttling on the discharge side, 
pressure will also decrease. Pressure developed when the discharge is completely throttled will 
depend on the machine design and operating speed, but will always be lower than the maximum 
pressure, it is thus a characteristic of aerodynamic machines that dangerously high pressure cannot 
be built up under any operating conditions and so relief valves are not necessary in the discharge 
line. Regulation can be achieved either by throttling on the discharge side or variation in the 
impeller speed {or both). 

The use of a valve offers the simplest form of control over pressure or capacity but any degree 
of throttling represents an irrecoverable power loss. Speed variation is, therefore, a more economic 
form of contro! when the compressor characteristics can be expressed in the form of a series of 
curves which may be superimposed on the demand curve to establish the required operating point 
— Fig 7. In other words, by adjusting the speed, the compressor characteristics may be matched to 
any required values of pressure and capacity within the operating limits of the compressor and its 
driver. Efficiency will not be at a maximum, however, unless this operating point corresponds to 
the design value for maximum efficiency. 


The variable speed, capacity and adiabatic head can be related in terms of specific speed, viz: 


Q x rev/min 


Specific speed (ng) = "RET 


where 
Q = inlet capacity 
На = adiabatic head per stage 


This is a relative quantity only and has little significance other than as a design specific speed or 
value at which a given impeller in a given type of casing shows its maximum efficiency. It then 
serves as an index of classification for the form of the impeller (in that type of casing). In fact, the 
compressor may be operated over a range of speeds, capacities and adiabatic heads, and thus a 
wide range of specific speeds. These actual or operating specific speeds are useful only as a basis 
for comparing performance relative to the performance obtained at the design specific speed. 
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The demand load itself will depend on the operating conditions and may involve working 
against a constant head or pressure, against frictional resistance, or a combination of both. In the 
former case the demand load will be constant, and in the other two cases variable with capacity — 
Fig 8. The resultant demand 05 may also vary under actual working conditions due to a change 
їп head or frictional resistance, Equally the working point of the compressor can be adjusted by 
varying the demand curve, eg by means of a butterfly valve installed preferably near the com- 
pressor inlet or alternatively, near the discharge, Other methods of adjusting the compressor char- 
acteristics, and thus the pressure and capacity, include the use of adjustable diffuser vanes and 
adjustable inlet guide vanes. 


Temperatura Effects 

A change in ambient air temperature wili affect the intake volume required to produce a given 
volume of compressed air at a particular pressure. From pe gas equation PV = RT it follows that 
any volumetric change ôV will be directly proportional to temperature change 5T. Also, since 


power requirement is directly proportional to the volume of айг inducted, this will be directly 
proportional to the temperature ratio. 


Specifically this implies an advantage (power saving) if the ambient air temperature is lower 
than the 'design' air temperature at which the compressor performance is assessed; and a dis- 
advantage (power increase) if the ambient temperature is higher. 


Fig 8 illustrates this effect of intake air temperature on compressor performance, based on a 
design ambient air temperature of 15°C (60°F). 
Discharge Temperature 
The theoretical discharge temperature from a compressor |5 given by 


Td *Tjxr ^m 
where 


Та = discharge temperature (absolute) 
Tj intake tamperature (absolute) 
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For adiabatic compression (n 1.4) 


та = Wo 
where 
r is the compression ratio 


A more accurate formula is 


T; 0.286 _ 
та = Ti ( | (г ") 
т) 


п = volumetric efficiency 


In practice the discharge temperature will normally be reduced by cooling applied to the 
compressor and thus in practical systems may be of a similar order to the ambient temperature. 
Typical discharge temperatures (without cooling) relative to an initial intake temperature of 15°C 
(60°F) are given in Table |. 


TABLE | — DISCHARGE TEMPERATURES 
(Intake Temperature 15°C (60°F) — Intercooling to 15°C (60° F} 


Temperature Temperature Temperature 
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TABLE I! - STANDARD ATMOSPHERE ACCORDING TO NASA 














Altitude Pressures Temperature Density 
m bar | зс kg/m? 
„| md 150 1.225 
106 1691 144 1.213 
2% 0.989) 137 
300 0 а 13.1 
400 0.966) 124 
sob 0.955 тв 
600 0,953! 14 
80 0 за 98 
1000 0 899. 85 
1200 0,877 72 
1400 0.856, 59 
1600 0 Eu 46 
1800 0.815 33 
2000 0.795, 20 
2200 0775) 07 
2400 0 155) 0.6 
2606 0737 –19 
2800 0719 -32 
3006 0 ul –45 
3206 ü RS -5.8 
3406 0.666 zi 
3606 0 69! —B.4 
3806 0.633) -97 
4000 0.616 -110 





0.472) 240 
| 7 0.41 ! -305 


| 
TABLE || — INPUT POWER REQUIRED BY COMPRESSOR IN 
RELATION TO ALTITUDE (Ке Лиге) 


Altitude 


bar—gauge 


“s 
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Effect of Altitude 

Ambient pressure and temperature both decrease with altitude, as given in Table Il, These changes 
affect the pressure ratio of compressors (and air tools), which can appreciably modify performance. 
The extent to which this is realized will depend to some extent on the type and design of com- 
pressor, but the following are typical percentage reductions in capacity and power consumption 
for two-stage compressors working at 8 bars. 


Compressor Type % Reduction for each 1000 metres 
increase in altitude 
Piston Type Capacity Power Consumption 
Medium size, air cooled 2.1 7.0 
Large piston type, water cooled 1.5 6.2 
Screw, oil injected 0.6 5.0 
Large screw, water cooled 0.3 7.0 


it should be noted that increasing altitude will also have an effect on the performance of 
internal combustion engines driving compressors, usually roughly equivalent to a 196 loss of power 
for each 100 m of altitude (which can be halved by turbo-supercharging) — see also Table 111. The 
actual effect of high ambient temperature is rather more marked — typically a 4*6 power loss for 
every 10°C rise in ambient temperature. This cannot be offset by turbo-supercharging. The per- 
formance of electric motors is not affected by altitude, but the lower density of air will result in 
poorer cooling. To offset this it may be necessary to reduce the shaft power at altitudes above 
1500 m. Electric motor shaft power should also be reduced by 5% for every 5°C ambient tempera- 
ture rise above 40°C, again from cooling considerations. 
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Compressor Noise Suppresssion 





TYPICAL SOURCES of compressor noise and methods оў treatment are summarized in Table |, It 
should also be emphasized that compressor sound levels measured under free field conditions may 
be considerably modified by the room characteristics when installed; backyard noise levels present; 
and the length of suction and discharge connections and type of connection. 

Provided the sound emanates mainly from the compressor unit, acoustic enclosure of the unit is 
normally the most satisfactory treatment. In this case the significance of smail leaks or openings in 
the enclosure cannot be over-emphasized. They provide 'escape paths' for noise which can 
multiply the absorption otherwise expected from a well designed enclosure. 

Some cases do not justify complete enclosure; or such treatment may be impractical {eg with a 
portable compressor on site). In this case a sound barrier may provide a satisfactory answer, sited 
to reduce noise transmission in the required direction. 


The degree (and type) of treatment necessary also depends on the type of compressor and, in 
the case of reciprocating compressors particularly, degrée of balance of reciprocating masses, 
Rotary compressors can be much! more refined as regards dynamic balance, reducing vibration 
levels, and are inherently quicker than reciprocating machines. 


| 
| 


Stationary Compressors | 


The following summarizes the main treatments to be considered in reducing noise levels with 
stationary compressors: 


(i) Complete enclosure of the compressor and driver in a properly soundproofed 
room or chamber. Isolatidn treatment may also háve to be applied to ensure that 
no vibrations are transmitted through the walls or floor, 

lii) Choice of a rotary compressor, which is inherently quieter than a reciprocating 
machine. The rotary compressor runs with absence of the vibration and freedom 
from the pulsations inherent in reciprocating machines, Provided effective intake 
silencing is employed, tha bulk of the noise will be that generated by the driver, 
which should be amenable to direct treatment. 

(iii) Good alignment and rigidity of coupling without transmitting vibrations 
between driver and compressor are also important factors in noise control. 
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TABLE i — COMPRESSOR NOISE : SOURCES AND TREATMENTS 


Isolation mounting 






. Driver vibration 



















{i} 
li) 


. Compressor vibration isolation mounting 


decoupling 








. Driver running noise li) intake silencing 
lii) exhaust silencing 


qiii) enclosure 

























. Comprassor running naise qi} intake silencing 


(ii) enclosure 








. Cooling fan* 





Fan should be designed for minimum noise 





. Gear noise Complete enclosure 


. Relief valve operation 







Complete enclosure 





‚ Resonance — whole 
chassis” 
canopy” 


Isolation mounting and decoupting 
Isolation 
Suitable damping and isolation mounting 










* Applicable to portable compressors 


Pipe noise should also be considered. Noise radiated from pipes can, in fact, exceed that 
radiated by the compressor and driver. If it only equals that of compressor/driver noise, complete 
suppression of the latter would only reduce the total noise level by 3 dB. 

Small diameter heavy walled pipes do not normally need treatment, other than the use of isolat- 
ing points to eliminate transmission of vibration to adjacent structures. The sizes of piping 
associated with larger compressors, however, require proper lagging with sound absorbing material 
and a dense cover or jacket. 

A number of other points affecting design in relation to noise suppression can be considered. 
There is, for example, the use of an oil sump within the compressor housing — a feature which 
further helps to muffle the noise. In the cooling area, attention to fan design, air speeds, and con- 
struction of the after-cooler all minimize noise. Air intake is often a source of considerable noise 
and must be controlled, This means that attention has to be given to the pattern of air flow, its 
velocity and the position of the air filter in the system. 


Portable Compressors 


Mobile compressors are commonly designed as truck or trolley mounted units with a diesel engine 
driver. Smaller portable compressors may have spark-ignition drivers (or possible electric motors). 
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HPC 110 kW [150 horsepower) screw compressar is mounted on rigid chassis 
with removable noisa-reducing enclosure panels. 


The modern approach to silencing a portable compressor is to identify each noise source 
systematically and to reduce its level. The total sum of all noise levels does not add up, however, 
to the total annoyance factor to the human ear. There are some low frequencies whose annoyance 
factor is out of all proportion to their magnitude. Using the right shape and size of canopy has the 
effect of reducing resonance and hence these objectionable vibrations. 

The ducting required on a portable compressor to a the free passage of cooling air conflicts 
with the silencing concept, because air passing through each duct opening is a potential noise 
source; hence the need to consider the total noise source and to balance the outcome, 

Whilst portable compressors are silenced to 75 dB(A) at 7 metres (23 feet) with little extra cost, 
silencing thereafter becomes progressively more expensive, but generally feasible. 

More and more attention is being given to producing mobile compressors for road breaking 
operations, etc, where the noise level conforms to the following levels: 

70 dB(A) in rural, suburban and urban areas away from main traffic and industrial noise. 

75 dB(A) in urban areas near main roads in heavy industrial areas. 

Rather different conditions apply in the case of stationary compressors in industrial applica- 
tions where each case normally has to be considered on its own merits. Complete enclosure is 
usually the best answer where appteciable reduction in noise has to be realized, 


See also chapter on Noise Control. 








Compressor Lubrication 


те 


LUBRICATION IS an extremely important parameter in compressor performance, its function 
being to dissipate frictional heat, reduce wear on sliding and stationary surfaces, reduce internal 
leakage and protect parts from corrosion. In addition the lubricant can serve the duty of flushing 
away wear products, defects and moisture. 

Both the choice of lubricating system and the choice of lubricant are important, particularly as 
lubrication requirements differ with different types of compressor and are in different sections of 
the machine in the case of reciprocating compressors, 


TABLE ! — GENERAL GUIDE TO COMPRESSOR LUBRICATION 


Air-cooled reciprocating 
up to 20 kW 
















over 20 kW 







Water-cooled reciprocating 


Oil-flooded rotary screw 
compressors 


Sliding vane 






'Oil-frea' compressors 


* As recommended by compressor manufacturer 





Single-gradet engine oils to API 
classifications SD, SE, CC or CD; 


or industrial compressor oils 


Single-gradet engine oils to АРІ 


classification CC or CD; or 
industrial! compressor oils 


Industrial compressor oils 


Special rotary compressor oils 
or inhibited turbine oils 


Industrial compressor oils 


Industrial compressor oils, 
turbine oils or hydraulic oils 








SAR 10W, 20/20W or 
SAE 30 


















150 VG68 or 100 SAE 
20/20W or SAE 30 






ISO VG68 or 100 
ISO VG32 











150 VG150 or 220 


150 VG68 or SAE 
20/20W 





+ Multigrade oils ага not suitable 


Note: As a general rule synthetic lubricants should not be used in compressors unless the compressor manu- 
facturer approves and/or recommends these as satisfactory. 
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Lubricants 

The use of synthetic oil lubricants for compressors is increasing, being mainly attractive because of 
their low deposit formation with long life and good fire-resistant Properties. They are more expen- 
sive than mineral oil lubricants, can attack paints and may call for special gaskets and seal 
materials, On the other hand, oil carry-over is reduced with synthetic lubricants, so compatibility 
problems will not necessarily occur. 

Mineral oils remain the most ‘common type in use, straight cut naphthenic oils of medium to 
high viscosity normally being preferred. Compressor manufacturers normally specify grades for 
use in their compressors — see also Table |. 


Lubrication Systems 
Experience has shown that certain lubrication systems аге best for specific types of compres- 
sors, although there are normally alternative choices available to the designer. The most common 
systems used are:- 

(i) splash lubrication 

(ii) flood lubrication (gravity lubrication) 

(iii) force-feed lubrication 

(iv) injection lubrication 

In the case of reciprocating compressors the simplest arrangement is sp/ash lubrication, whereby 
a projection on the connecting rod big end dips into oil held in the crankcase. The crankcase thus 
acts as an oil reservoir and must be closed with the les аи of a small breather hole. Lubricant is 
dispersed mainly in the form of ап oil mist reaching the bearings, surfaces and cylinders. For best 
control the splash oil should be taken from a trough. Failing this, some provision should be made 
to maintain the crankcase oil at a constant level. Water which collects in the bottom of the crank- 
case should be drawn aff at regular intervals. 


Splash lubrication with controlled feed. 
Atlas Copco) 
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Splash lubrication is largely limited to small single-acting reciprocating compressors. It has a 
number of inherent disadvantages, notably:- 


(i) the lubricant cannot be filtered and lubricant life is limited 
(ii) ^ lubrication during starting up may be marginal 
(liii) the bearing film of lubricant is thin and is not supplied under pressure. 


Flood lubrication is widely used on horizontal compressors for lubricating bearings and cross- 
head. In this case the oil flow is under gravity after first being elevated by a disc, oil ring, chain or 
collar on the crankshaft which lifts it to a trough with distribution tubes or to the upper part of 
the journal(s). Basically, this provides better control of the amount of oil distributed than splash 
lubrication but the pressure developed is very low and not generally sufficient for a high speed 
compressor. 


1 — Crankshaft with oil-channeis 

2 — Crankshaft roller bearing 

3 — Oil pipe to LP-cylinder 

4 — Oll-filter cartridge 

5 — Oil sleve in crankcase 

6 — Plunge-type lubricator for cylinder 
lubrication 

7 — Gear-type oil pump for connecting 
rods and crosshead guides 

8 — Off pipe to HP-cylinder 

9 — Oll-pressure switch 


Force-feed lubrication. 
(Atlas Copco} 





Force-feed lubrication utilizing a circulatory system is normally to be preferred. Feed is taken 
from an oil reservoir by a plunger or gear pump. Actual circulation may be by gravity, when the oil 
is pumped to an overhead reservoir and the circulation system is slightly more pressurized. Alter- 
natively, the oil may be fed directly from the pump under pressure through pipes to the various 
lubricating points. Oil pressure is kept constant by a spring-loaded overflow valve. For cylinder 
lubrication of crosshead compressors special piston-type lubricators are normally used. 

Sight-feed drip oilers are occasionally used to lubricate small parts. These are similar to cylinder 
lubricators and can be regulated within close limits provided they are kept in good condition. 
Siphon wick oilers may also be used when it is important that there should be no undue variation 
in oil level in the container. Grease lubrication may be provided at certain points (eg to lubricate 
rolling bearings). In this case the lubricating points are either fitted with grease nipples or screw- 
down grease cups. 

In the case of cylinders the ideal oil feed is that which will provide efficient and effective 
lubrication with the minimum amount of oil, at the same time maintaining a perfect piston seal — 
an excess of oil is undesirable. A practical check is to service the discharge valves periodically and 
examine their appearance. They should not be dry or show signs of rust (insufficient oil) or be 
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excessively wet (excess of oil). They should have a wet appearance and be oily to the touch. 
Excess of oil can also be noted by the appearance of pools of oil lying in the cylinders, or surplus 
oil on the connecting rods. 


Vane Compressors | 

Adequate lubrication is necessary in the case of vane-type compressors to minimize friction and 
wear on the vanes and/or wear ring and to assist in sealing. Quite high bearing pressures may be 
exerted by the leading edges of the vanes at the trailing edges of the slots, calling for a lubricant 
which forms a tenacious oil film. Bearing lubrication is normally separate, preferably by a force- 
feed lubricator although this is not usually allied to a circulatory system, 

Oil for lubricating the vanes may be fed to the casing via the air intake, direct to the casing or 
to the rotor through its shaft. The first method is more usual, loading the intake air with oil by an 
atomizer, (Discharge air may be used to inject the oil into the intake). The other two methods 
involve force-feeding, either direct to the ends of the rotor or through a hole along the centre of 
the shaft. In the latter case interconnecting radial holes drilled along the length of the shaft or at 
the centre of the shaft throw out oil under centrifugal force. 


Rotary Screw Compressors ] | 
Rotary screw compressors of the ‘dry’ type do not req Jire internal lubrication since the rotors 
operate with positive clearance. Only shaft bearings and timing gears thus need lubrication. Plain 
bearings can be lubricated by ring oilers and timing gears by splash lubrication. Where rolling bear- 
ings are used, bearings at the timing gear and may be lubricated by oil and those at the other end 
by grease. | 
With oil-flooded screw compressors, oil is injected into the casing to provide both sealing and 
lubrication, requiring the use of а comprehensive oil recirculation system, including filters and oil 
cooler, Actual oil injection is normally accomplished using discharge air pressure, or may be direct 
from a separate pump. | | 


Dynamic Compressors 


Dynamic compressors work with running clearance between the rotor and casing; thus only the 
bearings need lubrication. Bearings are normally accommodated in sealed housings outside the 


main compressor casing and may be lubricated by ring oilers, force-feed (particularly for larger 
high-speed compressors), or grease, | 








Compressor Controls 





SMALLER STATIONARY compressors may be run continuously with only a blow-off (pressure- 
relief) valve on the delivery side which opens when a specified maximum pressure is reached to 
allow compressed air to be blown off to atmosphere instead of being delivered to the system — 
Fig 1. Where the system incorporates a receiver, however, a check valve may also be incorporated 
ahead of the receiver to prevent high pessure being blown back into the compressor (Fig 2). This 
is strictly necessary with types of compressors which are valveless (eg vane compressors}. It is not 
necessary with compressors with valves (eg piston and diaphragm types}, but may still be used with 
them as a redundant backflow protective device. A safety valve may also be incorporated in the 
delivery side of the receiver to protect the system against over-pressure. 


PRESSURE 
RELIEF 





Е) PRESSURE 
Hi RELIEF VALVE 


LUBRICATOR > PRESSURE 






INTAKE 
FILTER 


AIR INTAKE 
FILTER 


AIR 
COMPAESSOR 





METAL JAR 
EMHAUST FILTER 





Fig 2 Pressure relief valve adds basic 


Fig 1 Basic low pressure power supply control capability to simple system. 
systent, 


For continuous duty applications it may be desirable to maintain a higher pressure in the 
receiver than that required in the supply line. In this case the receiver is followed by a pressure 
regulator — Fig 3. 

An alternative method of pressure regulation is by on-off cycling using an electrical pressure 
switch on the receiver to cut the motor supply off at a predetermined ‘high’ pressure level, and 
back on again at a predetermined ‘low’ level — Fig 4. The receiver pressure is then held between 


these two pressure levels as long as demand does not exceed the recharging capacity of the com- 
pressor. 
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DL PRESSURE PRESSURE 
P 
PRESSURE Е RELIEF REGULATOR 








AIR INTAKE 
FILTER 


COMPRESSOR 
OUTLET 






Fig 3 Pressure regulator installed downstream of 
receiver compensates for built-up pressure higher than 
desired line pressure. 





COMPRESSOR 






ЕЈ АРЕТУ VALVE 


Fig 4 А pressure switch con trols receiver 

pressure independent of downsiream 

pressure by on/off cycling of compressor 
drive motor. 






PRESSURE 
SWITCH 






ELECTRIC 
POWER 


1 — Unloading cylinder 
2 — Unloading piston 
3- Unloading claw (depresses the valve 
discs and keeps the suction valve 
open during the unloading period) 
4 -. Unloading spring {returns unloading 
| claw at start of loading! 
= 5 — Valve retainer 
= = 6 — Seat of suction valve 
7 — Suction Valve guard 
8 — Suction Valve cover 
9 — Cylinder head 
10 — Compressed air to and from unload- 
ing devicg. 


Fig 5 Unloading device for piston 
compressors 





Unloading 
Larger systems are commonly operated with the compressor running continuously with com- 
pression capacity regulated by uhloading. One mechanical method used with reciprocating com- 


pressors is shown in Fig 5. 
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Pressure from the receiver is transmitted to the underside of the piston of the device, which acts 
against a spring set at a predetermined pressure. When the pressure in the receiver exceeds this 
figure, the spring compresses and allows air to flow to a piston on top of the suction valves, which 
in turn depresses a claw which holds the suction valves off their seat, so that compression cannot 
take place in the cylinder. This is termed suction valve unloading. 


When double-acting compressors are used, by having two air relays set at different pressures, it 
is possible to unload each side of the piston in turn, giving full load, half load, and zero load. This 
is termed three step unloading. 

A variation on this method is to allow the inlet valves to open normally to fill the cylinders but 
keep them open for a timed interval after the compression stroke. This can provide stepless regula- 
tion but is normally only used with process compressors. 

A further variation is called clearance pocket unloading, Here the pockets are brought into 
communication with the cylinder by valves which enlarge the clearance volume and so reduce the 
output of the compressor. À normal method on double-acting compressors is to have a combina- 
tion of clearance pocket and suction valve unioaders to give 100%—75%—50%—0% unloading, 
Clearance pocket unloading on its own can provide stepless regulation. 


Reverse Flow Regulation 


A more recent method of stepless control is reverse flow regulation, causing the intake to vary 
directly according to requirements by delaying the closing of the suction valves. This delayed 
closing of the suction valves is achieved by means of special unloaders. These are actuated by the 
infinitely variable pressure of a piston built onto the valve cover (usually a diaphragm piston in a 
servo-cylinder), Thus, a number of unloader springs are tensioned by means of an unloader plate, 
which in turn keeps the valve plate of the regulated suction valve open against the reverse flow of 
the gas during the compression stroke in the cylinder. Part of the gas taken in flows back into the 
suction duct and reduces the output capacity by an equal amount. During the compression stroke, 
the velocity of the gas flowing back rises steadily with increasing piston speeds, The flow forces 
acting on the unloader and valve plate in a closing action thus grow steadily with increasing piston 
speed (depending on the piston position) and eventually exceed the holding-open force which has 
been adjusted to a certain value, This causes the valve to close after a corresponding delay. The 
reverse flow of the gas is thus terminated. The remaining gas in the cylinder is compressed and 
discharged in the usual manner. 


1 4°' 


Pe 


Fig 6 Regulating diagram of a reverse 
How regulation [theoretical]. 
fHoerbiger) 
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This permits adjustment to any desired capacity between 100% and 4096 of full load (see Fig 6), 
and in special cases stepless capacity reductions down to 15% and less may be achieved. 


A further method of controlling the output is by throttling the intake, but this method requires 
more hp at part load conditions than the methods described earlier, 


Screw Compressors 


A different form of unloading is adopted in the case of screw compressors, The capacity is regula- 
ted by throttling the air inlet and, at the same time, opening a blow-off valve, The pressure side is 
shut off with a non-return valve, Under load the blow-off valve is closed and the throttle valve 


fully open, The unloading device is operated by a spring loaded automatic air relay of the same 


type as that used on у сотргеѕѕог controls, А complete installation is shawn in Fig 7. 


A — Throttle valve 

B — Low pressure stage 

C — intercooler 

D — High pressure stage 
E — Non-return valve 

F — Aftercooler 

G — Blow-off valve 

H — Blow-off cooler 

J — Servo valve 

K — Solenoid valve 

L — Temperature switch 
M — Regulator 





Fig 7 Capacity unioading of screw compressors. 
(Atlas Copcol 












. From 
actuating UM dub | regulating 
valve 
ud 
J A M D — Damper, engine speed control lever 
iuri - 1 — Air vent hole and condensate 
discharge 
| 2 — Chamber, converted air receiver 
т 2 pressure 
Е 3 — Piston 
4 — Chamber, constant intercooler 
pressure 
| 5 — Return spring, piston 
Fig & Speed regulating system for i/e 6 — Piston rod 
engine compressor driver. 7 — Check nuts, ball joints 
{А tlas Copco). 8 — Engine speed control lever 
| 9 – Ball joint 


10 — Operating rod, actuating unit 

17 — Ball-and-socket joint 
Monitoring and Regulation | 
Compressor controls may also be allied to monitoring devices, ‘or monitoring systems, capable of 
providing automatic shut-down in the event of failure of the system approaching a dangerous 
condition. The number of monitoring devices required varies with the type and complexity of the 
system, and the exact number can be decided according to need. 
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Continuous regulation is widely applied to i/c engine driven compressors, particularly portable 
compressors. The principle employed is of speed regulation of the driver to obtain continuous 
control of the compressor pressure — eg by means of a slide valve sensing the final pressure and 
controlling the position of the throttle valve — see Fig B. 

The first practical speed regulating control system of this type coupled running speed to air 
demand, and allowed the engine to idle when the demand for air was zero, thus reducing wear 
and tear on both engine and compressor and also reducing overall fuel consumption. This was 
followed by stepped controls enabling the engine speed and compressor speed to vary exactly, 
according to demand, This has subsequently become a more or less standard feature on all larger 
sizes of portable reciprocating compressors, although there are difficulties in adapting a similar 
form of contro! to rotary machines, 


Stop-Start Controls н 

Stop-start control may also be combined with constant speed control in a dual control system, 
when either type of control can be selected as required. Automatic dual control is a refinement 
whereby air demand is sensed and the control automatically selects the form of operation required 
— {е constant speed or stop-start. 


Compressor Protection 
Critical parameters which need to be maintained to provide basic protection for a compressor are 
coolant water flow or temperature, discharge air temperature, and lubricating oil pressure or level 
(in the case of lubricated compressors). Typical minimum parameters, fe danger levels, might be 

li) coolant water flow 2/3 of normal flow rate 

lii) discharge air temperature 160°C 

(iii) lubricating oil pressure 2 bar 

Temperature sensors can provide cover for (i) and (ii), and pressure sensors for (iii). If in the 
form of temperature- or pressure-operated switches they can provide automatic protection either 


as alarm devices, or control devices (automatically shutting down the system when a critical para- 
meter level is reached). 





Mains Cold Water e Make Up 


Fig 9 Temperature regulator controlling 
introduction of water to holding tank. 
(Sarco). 
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circulation), additional cooling can be provided from the] main or similar cold water supply via а 
temperature regulator, This allows cold ‘make-up’ water to be supplied to the cooling tank at a 
controlled rate, hot water being displaced through an overflow. A typical installation of this type 
is shown in Fig 9. 


Automatic temperature controj can also be applied to m water cooling systems, the purpose 


Where compressors employ closed-circuit water ima (either thermo-syphon or forced 


in this case being both to eliminate wastage ef water and to prevent excessive cooling which could 
cause condensation within the cylinder. А typical installation applied to a two-stage compressor is 
shown in Fig 10, It is important that the temperature regulator cannot shut off the supply of 
cooling water completely. This cán be guarded against by incorporating an adjustable bleed in the 
valve itself (ensuring a small flow, when the valve is shut); or the use of a bypass, the flow through 
which is controlled by a needle valve, 


Bypass if necessary 











‚ | Fig 10 Temperature regulator controlling 
Thermostat Ы Ы A mains water cooling of two stage 
compressor. 


Mains Water Supply {Sarco}, 
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Fig 11 Temperature regulator controlling 
temperature of cooling owen sump. 

(Sarco). 

From 

Compressor 


To Compressor Steom Trap 


draining Coil 





In the case of larger compressors operating with closed aycle, cooling is accomplished by passing 
the water through a mechanical cooler or a cooling tower. Again temperature control can prove 
advantageous, particularly to avoid too low a temperature being developed in the second stage 
cylinder. 
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An important consideration in the case of cooling towers is the possibility of freezing, with con- 
sequent cessation of water circulation calling for the compressor to be shut down. This possibility 
can be avoided by using a temperature regulator valve commanding a supply of steam to a heating 
сой in the sump. The regulator can be set to open when the water temperature falls below, say, 
2°C (35^F), so that no steam is used until near-freezing conditions are approached — Fig 11. To 
guard against the possibility of the cooling tower freezing solid, the line from the diversion control 
valve can be valved to return water from the compressor direct to the sump instead of the top of 
the tower under low temperature conditions. 


Temperature regulators can also be used to advantage on water cooled aftercoolers, The use of a 
temperature regulator enables the water consumption to be set to the point of maximum 
efficiency, and maximum water economy. Ап example of the use of a temperature regulator con- 
trolling main water supply to an aftercooler is shown in Fig 12. 










Strainer Bypass 
^ uo if necetsory 


Sight 
Check 


Air Inlet Fig 12 Temperature regulator controlling 
~ aftercooler. 
Reverse Acting (Sarcol. 






Temp Regulotor 


Water Inlet 






Fig 13 Air blast aftercooler, 
{Sarco} 


Strainer 


Water cooled aftercoolers are usually the most efficient and the lower the air temperature they 
can produce the better. Air cooling has also come more to the fore in recent years, particularly 
in areas where cooling water is expensive or not readily available. An air-blast aftercooler is then 
usually the first choice. The principle on which these work is that an electric motor driven fan 
directs a stream of air over a bank of finned tubes through which the compressed air flows — eg 
see Fig 13. 
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SUMMARY OF COMPRESSOR CONTROLS 


Тура of Compressor | | Suitable Control System({s) 









Reciprocating {i} Er — intermittent operation 
lil) ^ constant speed running with 'stepped' discharge 
achieved by: 
(а) inlet valve blocking, or 
ib) intake throttling, ar 
(c) inlet valve unloading or clearance packet, or 
(а) external bypass 
(iit) ^ variable speed 










Rotary screw 








ti} intake throttling, or 
40) ^— external bypass 
(iil) — variable speed 










Rotary vana ti) stop/start — intermittent operation 
(i) ^ constant speed running with 

(a) intake thrattiing, or 

{b} ekternal bypass 

variable speed 









Dynamic machines {i constant speed running with intake throttling 


(8) ^ variable speed 
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Compressor Installation 





A COMPRESSOR installation may be centralized where all the compressors needed are housed in a 
single compressor plant; or decentralized where individual compressors are located near the points 
of use. А centralized installation can show greater cost-effectiveness as well as making it easier to 
optimize intake conditions and silencing. Modern practice with centralized installations is to install 
individual compressors with their associated ancillary equipment as completely separate units. It is 
then possible to shut down a single compressor for maintenance without shutting down the entire 
installation. 

Ideally a compressor should be located where it can induct clean, dry and cool air. Another 
primary consideration is that a compressor is inherently a noisy machine and, unless specifically 
designed or treated for noise control, should be located in a ‘noisy’ area of a factory or workshop. 
In the case of a centralized installation it is generally desirable (and virtually necessary in the case 
of larger machines] to have the compressor in a separate well ventilated room or chamber, induct- 
ing air from the outside of the building. Each compressor should have a separate air intake, and 
pressure drop over the intake system should be kept low. 

Basic treatment which can be applied is the fitting of an air intake filter of a suitable type and 
size to ensure that air reaching the compressor is clean; and a separate air intake silencer to reduce 
‘intake noise’, which is usually a predominant noise-generator. Further noise treatment may, or 
may not, have to be applied to the machine itself and the room (eg the provision of adequate 
ventilation can establish noise-escape paths which may have to be dealt with). 

In the case of reciprocating compressors the intake flow is pulsatory. This can aggravate noise 
problems through resonance with critical lengths of intake piping as well as affecting flow into the 
compressor. Ав a general rule the chance of resonance occurring is greatest when the intake pipe 
length corresponds to a quarter or three-quarters of the pressure pulse wavelength (A) which for a 
single-acting compressor is: 

ix 61.5 x T?5 
n 

where A = wavelength in metres 
T absolute temperature, K 
n = compressor shaft rev/min 


Note: the quantity (61.5 x ТУ ) is the velocity of sound in air in m/sec. 
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Compressor Intake | 

The intake system must be designed with low pressure drop in mind, implying a limit on intake air 
velocities. At the same time intake flow should be smooth rather than pulsating as this will 
appreciably reduce intake noise and resonance effects. 

Low pressure drop can be ensured by suitable pipe sizing restricting intake flow velocity to:- 

li) 5—65 metres/sec (16—20 ft/sec) in the case of single-acting compressors 

(ii) | 6—7 metres/sec (20—22 ft/sec) in the case of double-acting compressors 

Combined with a venturi-type| intake silencer these intake velocities can be increased by up to 
1096, this form of treatment becoming increasingly used. A typical arrangement of intake piping 
with venturi silencer is shown in Fig 1. 

Due consideration must be given to ventilating the compressor house to dissipate heat generated 
by the compressor and driver, This is particularly necessary in the case of air-cooled units, With 
water cooled compressors, or air-cooled compressors with water-cooled intercooler, the amount of 
radiant heat dissipated is usually negligible since the majority of heat is carried away by the 
cooling water. | 








1 ~ Comprüssor 

2 — Silencer with filter 
3 — Venturi tube 

4 — Filter | 

5 — Flexible connection 
6 — Suction pipa 

7 — Air intake 






Fig 1 Arrangement of air intake pipe and 
venturi silencer, 
{Апаз Copco} 


Energy Recovery 


With water cooled compressors it is possible to recover a high proportion of the intake energy 
in the form of hot water which can be used for heating, feed water for boilers, ete in a large 
installation. А typical system for heat recovery is shown in Fig 2. With air cooled compressors the 
hot air leaving the intercooler and aftercooler can be diverted directly to an adjacent room for 


space heating (Fig 3). 
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Fig 2 A typical system for heat recovery from a water-cooled 
compressor plant, The cooling water is used partly for 
showers and washrooms, partly for heating adjacent premises. 
fAtlas Capcol. 


Fig 3 Heat recovery from an air-cooled 
compressor installation. 


Foundations 
Installation is seldom a problem with compressors below a power rating of 25—30 kilowatts. 
Larger machines, however, may need special foundations, the size and cost of such foundations 
increasing with campressor size, particularly in the case of reciprocating compressors with large 
out-of-balance forces. Very considerable savings are possible in these cases with 'L', 'V' or wW 
configurations due to the considerable reduction of such forces with these layouts. Large centri- 
fugal and axial flow type compressors are far less troublesome since they are essentially balanced 
machines and the foundations are required to take little more than the weight of the machine and 
driver. = 

Larger compressors will, however, require the use of lifting or hoisting equipment to erect 
them, and also to dismantle or remove sections for inspection and maintenance. 


Delivery Side 

In the case of medium and large size compressors delivery pipes can be laid on the floor, or prefer- 
ably in trenches covered by floor plates. In both cases pipes should be properly supported with 
sufficient freedom for thermal expansion. Long pipes can also be suspended flexibly from wall 
brackets, They should never be attached solidly to walls or ceilings. 
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Fig 4 Principles for the construction of a 
compressed air pipe system. 
{Atlas Copco). 






7- Compressor 6 — Inclination towards condensate 
2-A frercoofer drainer 

3 — Discharge pulsation damper 7 —[Branch pipe connections 

4 — Air receiver 8 —[Outlet valve 

5 — Condensate draining valve 





6 514 3 2 





1 — Compressor 





2 — Motor 
Fig 5 Compressor with aftercooler and 3 — Aftercooler 
air receiver. 4 — Safety valve 
fAtlas Copco). 5 — Blead-off valve 


6 — Delivery pipe 
? — Air receiver 
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Fig 6 Typical two-stage 
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Fig 7 Discharge side arrangement, 


7 – Compressor 
2 — Aftercooler 
3 — Air receiver 

4 — Drain valve 

5 — Drain valve 

6 — inclination 

7 — Branch pipa 
8 — Service outlet 


Where a tuned delivery pipe is specified, its dimensions are specified by the compressor manu- 
facturer and must he strictly adhered to. If this is not practicable, then a pulsation damper must be 
installed with the shortest possible delivery pipe between the damper and aftercooler. 

Ideally delivery pipes for medium-sized compressors and large stationary compressors should be 
welded and provided with flanged connections for fittings. With smaller compressors threaded pipe 
connections are more commonly used. 

/ A complete compressor installation normally involves compressor and drive motor, aftercooler, 
moisture separator and receiver. The latter needs to be located in a cool area and so is frequently 
positioned outside the compressor chamber, as in the typical arrangements shown in Figs 4 and 5. 
However, an important point to be considered is that the length of the discharge pipe between 
compressor and receiver should be kept as short as possible. 

Where an isolating valve is fitted in the delivery pipework the line on the compressor side 
should be protected by a safety valve of sufficient capacity to pass the full output of the com- 
pressor without the pressure rising more than 10% above the set blow-off pressure, 

Two further installations, typical of good practice, are shown in Figs 6 and 7. See also chapters 
on Compressed Air Treatment and Compressor Controls. 





Air Receivers 


A COMPRESSOR plant is delen. followed by one (or more) pressure vessels known as air 
receivers which provides the following functions: 


(i) Equalization of pressure variations in the supply lines. 
(ii) Storage of compressed air to meet heavy m in excess of the compressor 


capacity. 

(1) А source of additional cooling and a collection point for residual condensate and 
oil droplets. 

(iv) Prevention of rapid loading and unloading of the compressor in short cycle 
duties. 


Basic requirements of an air receiver are that it should be of adequate capacity to match the 
demands of the system; and must meet pressure vessel regulations applicable (eg classification 
according to Lloyd's). 


Storage Capacity 

The useful storage capacity of a receiver is the volume of free air which can be drawn from the 
receiver over the required, or permissible, working pressure range. The size of the receiver must, 
therefore, be proportioned to provide the storage capacity required, For constant demand the 
volume of the receiver need not be greater than the output of the compressor, in terms of output 
at working pressure, since the receiver need only operate as a pressure damper to maintain uniform 
pressure. Where the consumption is only intermittent, a variable, the receiver must have a margin 
of storage capacity relative to the compressor output, to adjust to demand and damp out pressure 
fluctuations. | 


For constant demand the theoretical size of receiver required is:- 

Co x atmospheric pressure 
Pa 

Co x| atmospheric pressure 


Volume of receiver (VR) 


Pg + atmospheric pressure 


where Pa = working pressure, absolute 


gauge pressure Pg +/atmospheric pressure 
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TABLE 1 — TYPICAL RECEIVER SIZES 


Receiver Voluma Matching Compressor Capacity (ЕАО) 


Stop-Start Controlt 


25 
55 
100 





* ‘This is consistent with the general rule that a receiver capacity of one-tenth the compressor 
FAD should be adequate for average systems. 

+ This is consistent with the general rule that with automatic stop-start control the receiver size 
can be one half that necessary with constant speed control. 
Note also that with increasing compressor capacity the relative size of receiver can usually be 
reduced from the above proportions. 


If the demand is constant and steady, the size need not be proportioned to the output of the 
compressor, since under such conditions the function of the receiver is merely to damp out pulsa- 
tion pressures, so as to maintain a constant pressure. Normally, however, a receiver volume 
matched to the compressor output is regarded as the minimum size required (calculated on the 
basis of the compressor output in one minute}. Alternatively, for working pressures up to 9 bar 
and narmal air consumption conditions, a receiver volume of about six times the compressor capa- 
city in the same volume units per second may be adopted, fe 


Ма (litres) = 6 x compressor capacity, litres/sec 


For pressures above 9 bar, higher pressure drops can usually be tolerated and the receiver sizes 
can be reduced. 
Another general formula which may be used, based on demand and acceptable pressure drop is 


demand per operation {litres} 


Vg (litres) = 
В pressure drop (Баг) 


In this case it is necessary that the compressor be large enough to recharge the air receiver up to 
the original pressure in the intervals between demand, 


Variable Demand 

If the demand is variable, then a larger receiver volume is necessary to prevent rapid fluctuations of 
pressure, The assessment of a suitable size is largely arbitrary for general applications, and is 
commonly taken as three times the minimum size (/e three times VR calculated on the basis of 
compressor output). 
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TABLE ПА — USEFUL CAPACITY OF AIR RECEIVERS (cubic metres of frea air) 


| Permissible Pressure Drop — bar 
[om | os | os | s Jis] ss | 2 | 25 






Receiver 
Voluma 


m? 
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TABLE IIB — USEFUL CAPACITY OF AIR RECEIVERS {cubic feet of free air) 





| 
Receiver Permissible Pressure Drop — Ib/in? 
Volume 


te 





2 ос gi 56€ N-— 
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Storage capacity and the time over which this capacity can be delivered are given by the 


relationship 
Po x Мах: 

Ма = о d 

AP 

or 
{ VR АР 
Po x Vg 
where 


Ма = air volume requirement (volume of air drawn) 
t = time in minutes over which this air is to be drawn 


This formula is less likely to be misinterpreted if expressed in the form 


į- YR Ф:-—Р:) 


Po x Ма 
where 
P, = initial receiver pressure 
P, = minimum permissible working pressure 


If a pressure drop of 1 bar is acceptable, this formula simplifies to 


VR 
Vd 


t= 





These formulas assume that no air is сиррнед to the receiver during the time interval in which 
air is being drawn off. If the receiver is being continuously supplied with air from the compressor 
at a constant rate during this interval, the appropriate formula is 


VR x AP 
Va x (Vq—S} 


It 


time (minutes) 


where S is the delivery of the compressor, in the same units as Vg 


0.07Vg x AP 
Vd 


where 


tíseconds) 


VR * receiver volume in metres? 
Vg = delivery required in metres 
AP pressure drop in bar 


3 
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Thus, for a permissible pressure drop of 0.7 bar 
0.05Vn 
Vd 





(approx) 


For a permissible pressure drop of 1 bar 
0.07VR | 
Ма | 
In practice it may be necessa г to restrict the receiver, inlet so that an excessive amount of air 
may not be withdrawn under heavy demand, Thus, even with continuous charge, the charging rate 
may be relatively low in such cases, /e when operating under heavy demand, and it may be safer 
to size the receiver on the basis that it does not receive any charge during the time of heavy 
demand. | 
For a given compressor and a given receiver the maximum number of starts, with the compres- 
sor operating an automatic stop-start control, will be obtained when the demand (Vg) is half the 
FAD of the compressor. Basically, the compressor running time will be thirty minutes in every 
hour, and during tne charging period half of the FAD ii be absorbed by the demand and the 
other half will go to charge the receiver, The actual number of stops and starts will depend on the 
size of the receiver. 


: 5 —! VRAP 
Free air available from receive: = PET 
| a 
= 5/2 
where S = FAD of compressor 


| 
Time taken to use up receiver air 





„VRAP , 1| 
Pa 5/2, 
2Vg AP | 
Ра D S | 


This represents one half the total time 





4VR AP 0 
Hence total time = Mii id ај 
Ра! * 8 n 
Ба М 15P, S 
where = —— 
Н һАР 


where п = number of stops and starts 
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For a pressure drop of 1 bar (14.5 Бле) Vg = 155 
n 

. 2 . 228 

For a pressure drop of 0.7 bar (10 Ib/in^)] VR = == 
n 


Air Receiver Design 
The usual form of pressure vessel is a cylindrical shell with dished ends. Material stress in the 
cylinder walls can be determined as 


5 = PD 
2t 
or 
t= PD 
R 
where 


= material stress 

= internal pressure 
overall diameter of shell 
= radius of shell 

= wall thickness 


~ : отс 
П 


This formula is valid where P is the maximum permissible internal pressure consistent with a 
maximum permissible material stress, provided:- 

(i) The material stress figure allowed is below the limit of proportionality of the 

material. 

(ii) The material stress figure is determined for the maximum service temperature of 

the pressure vessel. 

The formula does not make any allowance for stress raisers, effects of corrosion, and method of 
construction. These can be allowed for separately, or taken into account in determining the maxi- 
mum permissible material stress. 

Recommended practice is to base maximum permissible material stress on the upper yield point 
of the material, with a factor of safety applied to this value, viz 
upper vield point 

f 

For ISO/TC semi-killed and killed structural steels, f = 1.92; je maximum permissible material 
stress = 0.521 x upper yield point, For pressure vessel steels and ISO/TC17 structural steels, 
f = 1.6; je maximum permissible material stress = 0.625 x upper yield point. 

Typical upper yield point values are shown in Tables ША, HIB and IIC. 

With welded construction an additional safety factor is normally called for — typically 0.8 for 
conventional manual and machine welding with normal inspection. Where the welding is subject 
to strict control and inspection, a higher value of 0.9 may be used. 

An additional allowance may also be made for corrosion reducing the effective thickness with 
age. This takes the form of a simple addendum to calculated minimum thickness, a typical value 
being 0.75 mm (0.03 іп). 


Maximum permissible stress — 





TABLE ША — PRESSURE VESSEL STEELS 


I 
Uppar Yield Point at Шааны of 


Specification 100°с 150°C 


UK 
BS 1501 - 
151 Grade 23B 
161 Grade 23B 
211 Grade 268 
211 Grade 28B 


Germany 
DIN 17155 — 


{515 1330) 
2B, C, D 
(SIS 1330) 
3B, C, D 
(SIS 1430) 
4B, C, D 
(515 2101) 
USA 


ASTM A 285B 
ASTM A 201A 


TABLE ШВ — ISO/TC 17 SEMI-KILLED Е KILLED STEELS 


Upper Yield Point at Temperature of 
Designation 125 "c 


34 ооа 2 400 29 500 2070 
37 000 2 600 33 000 2320 
40 000 2 800 36 000 2 520 


TABLE ПЕС — ISO/TC 17 STRUCTURAL STEELS 


Designation 


Fe 37C--D 
Fe 42C-D 
Fe 44C—D 
Fe 500 
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Shapes and Volumes 


The usual form of receiver shape is cylindrical with dished ends — see Fig 1. The type with one end 
concave can be placed directly on a plinth on a fioor, The type with convex ends can be fitted 
with feet for vertical or horizontal mounting. 


Safety Valve Ф, 





Pressure Gauge 


Small horizontal recaiver with alternative 
trapping arrangements, 


Fig 1 
Air Trap (Sarco) 


Typical vertical receiver with air trap, 


TABLE IV — CAPACITY OF AIR RECEIVER 


Shell inner Shell capacity Dished end 
diameter per 300 mm length capacity 
mm litres litres 
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The volume of such shapes can readily be determined by calculating the volume of an equiv- 
alent flat-ended cylinder in the case of Type 1 with convex/concave dished ends; or in the case of 
convex/convex ends, adding twice the dished end capacity to this cylindrical volume, Table IV 
provides direct solutions for shell diameters from 150 mm (6 inches) to 2438 mm (96 inches). 


End Shape Thickness 
The stress formula in the case of dished ends is modified by a shape factor (F), when the solution 
for shell thickness becomes: 


Minimum thickness of shell (4) = 
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Fig3 







The shape factor is related to the depth ratio of the dished (drumhead) end, expressed as the 
height of the drumhead (Н) divided by the diameter (D) — see Fig 2. It also takes into account the 
weakening effects of any opening which may be necessary, the opening being of diameter d. In the 
absence of an opening, the shape factor is substantially less than unity,with increasing depth ratio. 
If there is an opening the effect is most readily expressed ir in terms of the ratio. 


: ND {as in Fig 3) 


Solutions in such terms are based on the opening being unreinforced. 
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It is necessary to establish a maximum permissible diameter for unreinforced openings because 
the shape factor increases rapidly with increasing diameter of opening for a given shell diameter. 
This is specified in the PNEUROP code in terms of a factor К related to the product of drumhead 
diameter and thickness. The value of K is calculated from the formula 


DP 
1.8251 





where S is the maximum permissible material stress. 


Maximum permissible diameters for unreinforced openings are then given by Fig 4. 
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Air Receiver Location (see Fig 5) 


The receiver is normally placed as close to the compressor as possible in order to keep the 
discharge pipe short and eliminate surge effects. In practice the receiver follows the intercooler and 
separator and may, in fact, be located in a separate block in order to be sited in a cool location. 
This does not nullify the requirement above. 
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E 1 — Compressor /motor unit 
2 -- AD regulator 
3 — Aftercooler 
4 — Receiver 
5 — Delivery line 
6 — Starting equipment 





"m. 


Fig & Compressor installation showing 
recommended position of receiver, 
(Atlas Сорсо) 


A stop valve should not be fitted between the compressor and receiver unless a safety valve is 
also incorporated between this valve and the compressor, to guard against the possibility of the 
compressor being started up with the stop valve closed, When a compressor is connected to an air 
mains in common with other compressors, a safety valve must be fitted between the compressor 
and the first stop valve, for similar reasons. 
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Heat Exchangers and Aftercoolers 





ALL PRACTICAL compressors work under adiabatic conditions with some heat loss. The amount 
of air heating is, however, considerable. This may not be an immediate disadvantage at low com- 
pression ratios, except that the air will be saturated with water and aftercooling could remove 
much of this. Unless the machine itself specifically demands cooling, therefore, a low compression 
ratio compressor may work satisfactorily uncooled (eg a single-stage centrifugal blower}. If the 
machine does demand cooling (eg reciprocating compressors), the necessary heat exchange may be 
provided by finned cylinders with or without forced circulation, The chief limitation which applies 
then is that if the machine is not adequately cooled it wil! transfer heat to the inducted charge 
which can seriously reduce the efficiency of the compressor. 


In general cooling may be advantageous, or necessary, to achieve the following: 

(1) Maintain working clearances on machine components. 

(ii) Limit the amount of heating applied to the inducted charge, thus improving com- 
pression efficiency. 

(iii) Cool the compressed air between stages to improve compression efficiency. 

liv) Cool the delivered air to remove water (aftercooling). 


Interstage Cooling 


Where more than one stage of compression is involved, it is desirable from the point of view of 
maximum efficiency that each stage does an equal amount of work. This can only be realized if 
the temperature of the air fed into the second stage is similar to that of the air inducted into the 
first stage. Machine cooling will remove only a proportion of the heat generated by compression, 
because only a proportion of the air passing through the compressor will come into contact with 
the cooled surfaces of the cylinder walls. Thus, with an efficient water cooling system applied to a 
reciprocating compressor cylinder, only about 10—15% of the heat generated by compression will 
actually be removed. Cooling of the air itself, or intercooling, is thus necessary between stages, to 
bring the air temperature down to more acceptable levels. This represents an independent problem, 
involving the use of a separate heat exchanger. 


Aftercoolers 


An aftercooler is a heat exchanger used to cool compressed air after leaving the compressor. 
Cooling reduces the air temperature, and precipitates out water droplets which can be drained off 
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volume of air available, but this represents no real power loss. 

Аз a general rule, air-cooled aftercoolers are used with air-cooled compression; and water-cooled 
aftercoolers with water-cooled compressors. Temperature of the discharged compressor air is 
normally about 12—16 K above {һе ambient air temperature when air-cooling is used; and 10 К 
above the water temperature when water-cooling is used. 

Air Cooling 

In the case of very small single-stage compressors, natural air cooling may be sufficient, using 
finned cylinders. The performance of such a compressor can be expected to vary somewhat with 
changes in ambient temperature, as the cooling available |s only relative and not specific. Forced 
draught cooling is generally preferred, eg generated by an engine driven fan or from a power take- 
off on the compressor shaft, as this сап provide both more effective heat dissipation and more 
consistent heat transfer performance. If the compressor is located in a warm atmosphere it may be 
advantageous to draw the cooling air from a lower temperature source, eg through ducting led to 
the outside of the building. The degree of cooling required by a compressor is appreciabiy higher 
than that considered the optimum with an Internal combustion engine. The aim is to lower the 
compressor temperature as far as possible, rather than to maintain it at a steady, but fairly high 
'running' temperature, 

Forced draught air cooling may be adequate for both small and large compressors, particularly 
if the latter are low capacity or multi-stage machines. With multi-stage machines, the increase in 
temperature per stage is lower than that of a single-stage machine. Air cooling may, however, have 
distinct limitations where the compressor has a moderate to high capacity and is run continuously. 
Water Cooling 
Most larger single-stage compressors, and the bulk of multi-stage compressors, are water cooled. In 
the case of reciprocating compressors, the principle adopted is basically similar to that of internal 
combustion engine cooling, using water jackets for the cylinder barrels and cylinder heads. These 
can either be cored into the cylinder and head castings, or added as fabricated jackets. An 
alternative method sometimes used Ís to immerse the whole cylinder in a bath. 

The temperature of the cooling water should be as low as possible and the rate of water change 
high to reduce the compressor temperature as much as possible. In a closed system this will 
demand the use of a further heat axchanger to cool the circulating water and maintain lower water 
inlet temperature, which again can follow automobile practice — eg a radiator exposed to a forced 
draught provided by a fan. In larger installations other types of water cooler, such as cooling 
towers, may be used to ensure a supply of cold water to the cooler inlet. Typical water cooling 
requirements are shown in Tables 1А and IB. 

Centrifugal compressors are generally cooled by one of three methods: 

(аһ Diaphragm cooling — which implies that the return and diffuser passages are 

water jacketed with a supply of coolant water through these jackets, 

(b)  /njection cooling — which is direct cooling produced by spraying cold water into 

the air passing through the machine. 

(c)  !Intercooling — applied between stages. 

Diaphragm cooling has the advantage that the cooling of each stage can be separate and 
regulated or adjusted accordinaly, to give close control over temperature. 

Injection cooling has the advantage that it reduces the temperature rise of the gas during com- 
pression without removing heat from the system, 


(all aftercoolers incorporate a ават separator for this purpose). Aftercooling reduces the 
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TABLE IA = TYPICAL COOLING WATER REQUIREMENTS (Gallons per 100 cu ft free air}, 


Pressure Water Temperatura 


Component 


Comprassors: 
Cylinder Jacket: 
Single-stage 


Two-stage 


Intercoolars: 


In series with 
cylinder jackets 


Separate 


Aftercoolers: 
Single-stage 
Two-stage 





TABLE IB — TYPICAL COOLING WATER REQUIREMENTS (Litres per cubic metre free air) 


Component 
Compressors: 


16 C 21°С 27°С з2°с 
bar (gauge! (60°F) (70 F} (80 Е} (90 F) 
Cylinder Jacket: 


Single-stage | 0.8–1.0 
12.-1.3 
1.45—1.95 
2.0-24 


Two-stage 1.6 


Intercoolers: 


In series with 
cylinder jacket 
Separate 


Aftercoolers: 
Singlestage 


Two-stage 
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Intercooling has little advantage unless the stage compression exceeds about 3:1, when it can 
reduce power consumption. It can be applied between successive stages, or at intervals of two or 
three stages, as necessary. | 

Where the compressor itself is water cooled, then it is usual for the intercooler also to be water 
cooled. In this case the intercooler normally takes the| form of a nest of straight tubes in a 
cylindrical shell. Cooling water is then fed through these tubes, passing several times up and down 
the length of the intercooler, Compressed air from the preceding stage flows through the shall and 
over the tubes, and is further directed across the bank of tubes by baffles as necessary . 

Two-shell intercooled construction is often preferred as providing two stages of intercooling 
and higher heat transfer for the same amount of cooling water. Each shell is a complete heat 
exchange unit, with its own nest of tubes and supply of cooling water. The compressed air flow is 
through each unit in turn, ѓе series flow. For most efficient cooling, with the lowest water flow, 
the coldest water is supplied to the final unit. 

Other types of cooler include co-axial pipe designs and submerged coils. In the latter case a con- 
tinuous coil of tubing carrying the air is submerged in a tank through which cooling water is 
circulated, 

Water cooled intercoolers may be used with air cooled compressors, although the more usual 
arrangements here would be an air cooled intercooler, Air cooled intercoolers may also be used 
with water cooled compressors. 


An air cooled intercooler normally comprises one or more lengths of finned tubing between 
headers. These lengths may be straight or coiled, depending on the heat exchange area required. 
Cooling is then assisted by forced draught, eg generated by a fan. 

All intercoolers will condense out water and so must be|provided with a drain. Treatment varies 
from the fitting of a simple drain tap at the lowest point of; the intercooler, or the fitting of a drain 
leg, to the incorporation of a specific separator or separator chamber in the design of the inter- 
cooler. 


Heat Exchanger Calculations 
In any heat exchanger the rate of heat exchange between the hot and cold media is given by 


ай = K.A.Tm 
where q/t = rate of heat transfer in watts (W) 
K = coefficient of heat transmission in W/m? .K 
A = effective cooling area in m? 
Tm = logarithmic mean temperature difference in K (see Fig 1) 


An alternative simpler formula, párticularly applicable to air cooling is 


g/t (watts) = A.R.K.V^$ SAt 


where А = a constant (typically 0.0048) 

R = exchange rate 

K = average heat transfer coefficient in kcal/hr/m? /degC 
М = ventilating air speed in m/sec, 

S = total heat exchange area in m? 

At = temperature difference, in degC 
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Least terminal temperature difference 


The exchange rate (R) is a function of the ventilation present. In a fully enclosed system Н = 1. 
In such a case, if the ventilating air speed (V) was zero {е static air conditions inside the enclosure), 
there would be na heat transfer and the enclosure would simply assume the temperature of the 
fluid. In practice, the enclosure surface radiates some heat and V would assume a positive but small 
value, due to ascending air currents inside the enclosure, but the amount of cooling would be very 
small. 

In a fully open or exposed system, surrounded by static air, the value of Н approximates to 2. 
Any natural draught will increase this value until, with slightly forced ventilation, a value of 8 will 
be reached. With strong forced draught the value of В may rise to as high as 12 — eg this is typical 
of the exchange rate value achieved with a car-type radiator and fan cooling. A specific value of R 
can be calculated as 10 x V°4. 


The average transfer coefficient is less readily determined as, besides the design of the heat 
exchanger and the materials used, this is also dependent, to some extent, on the fluid velocity and 
the temperature difference. Typical values normally lie between 3 and 8 kcal/hour/m? /degC. 

The ventilating air speed is not readily determined quantitively. A typical value is commonly 
assumed for static installations, based on empirical fan data. 


The total heat exchange area can readily be manipulated. Since the power loss is directly pro- 
portional to the surface area S, it follows that heat exchange and cooling will be directly increased 
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seclion ated 






Fig 2, 
Curve 1, R2 1,2, Н = 2, 3. 





40 
30 [29 
«tS 
[E] 
oa 
= 
sed. 4 
2 BH 
AT 
XE NI 
E] У 
шиини: аса 


lemparature dillerenes 


ас 
10 10 15 40 50 60 70 80 90 


in proportion to the surface area available. For convenience, the heat exchange surface area 
required can be related to the temperature difference required and the exchange rate value in the 
form of a graph — Fig 2. This assumes typical or average values for the other parameters involved. 
Such a graph can be used directly to assess the area of the radiating surfaces required to produce 
the temperature difference desired, or to estimate the temperature difference likely to be achieved 
by a particular design. 

Similar analysis can, of course, be applied to water cooling. In this case the same general 
equation applies, except that the average transfer coefficient i is much higher, The ventilating speed 
then applies to the flow velocity of the circulating water. However, the heat gained by the water 
must itself be dissipated in a closed circuit, so that it can be returned to the inlet at the original 
(low) inlet temperature, if consistent cooling is to be aintained. Thus, although water cooling 
may dramatically reduce the size of heat exchanger required, /e total heat exchange area for direct 
cooling, a further heat exchanger [s then required to cool the water. 

Water cooling requirements are more generally solved|on empirical or semi-empirical lines. The 
amount of heat exchange area avdilable may be dictated by constructional considerations, or based 
on experience. Any final adjustment is then available through the flow rate. The resulting outlet 
temperature of the water must then be dealt with as necessary, eg by a second heat exchanger if 
the water is to be recirculated. 
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Compressor Acceptance Tests 





BRITISH SPECIFICATIONS covering the testing of compressors to verify guaranteed performance 
were originally BS726 — Measurement of air flow for compressors and exhausters, and BS1571: 
1948 — Acceptance tests for positive displacement compressors and exhausters. Both of these have 
been withdrawn and BS1571:1975 is now presented in revised metric form. Part 1 deals with type 
acceptance tests and Part 2 with simplified acceptance tests, calling only for measurements 
necessary to verify any guarantee given by the manufacturer to the purchaser; and in particular, 
capacity, shaft input power or specific energy consumption and speed. Following is an outline of 
the test procedure as given in BS1571:1975 Part 2. 

Preliminary tests should be undertaken for the purposes of: 

(a] determining whether the compressor and associated systems are in a suitable 

condition for an acceptance test to be conducted; 
(b) checking of instruments; 
ic) training of personnel. 


After a preliminary test has been made, this test may, by agreement, be considered the accept- 
ance test, provided that all requirements for an acceptance test have been met. 


The governing mechanism must be maintained in its normal working position. 

During the test, the lubricant, the adjustment of the lubricating pumps, lubricators or other 
lubricating means must comply with the operating instructions. 

During the test no adjustments other than those required to maintain the test conditions and 
those required for normal operation as given in the instruction manual shall be made. 


Before readings begin, the compressor shall be run long enough to assure that steady state con- 
ditions are reached so that no systematic changes occur in the instrument readings during the test. 


The test report should include the following information: 


General Information 
(a) Туре of machine; eg if reciprocating whether: 
(1) vertical or horizontal, 
(2) single- or double-acting, 
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(3) cylinders are air or water cooled, 
(4) intercooled or aftercooled. 
{5} single-stage, two-stage or multi-stage. 
(b) Manufacturer's name and number. 
(c) Date of manufacture. 
(d) Type of prime mover, 
(e) Мате of manufacturer of prime mover and its number if applicable. 
(f) Type of speed increasing or reducing gear (if fitted). 
(gd Мате of manufacturer ofjspeed gear and its number, 
(hh Type of coupling, if any, ше for the test, 

















Guaranteed Performance on Test and/or Performance on Type Test 
(ај Specified intake pressure and temperature. | 
(b) Capacity (FAD). 
{c) Delivery pressure. 
(d) Power consumption. 
(e) Speed. 
(f) Any other requirements of the standard, eg quantity of cooling water or 

temperature rise of cooling water. 


Test Observations 


Only those measurements necessary to verify any guarantee given by the manufacturer to the 
purchaser. 


(ај Diameter of nozzle (mm). 

(b) Speed {rev/min}. 

(c)  Barometric pressure (mm Hg) 

(d) Pressure at intake (absolute) (bar). 

le) Pressure drop across nozzle (mm Н: О). 

(f) Pressure on downstream side of nozzle (mm Hg). 
{g} Pressure at delivery (absolute) (bar). 

ih} Temperature of air at intake (°C). 

{0 ^ Temperature of air at nozzle (^C). 

(k) Power consumption. 


() Апу other observations that are required to verify a guaranteed quantity of cool- 
ing water, inlet and outlet temperatures of cooling water, etc. 



































Resuits darived from observations 
(ај Nozzle constant. 
(b) Capacity (FAD). 
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Diagrammatic arrangement of test layout for rotary compressor. | | 
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Diagrammatic arrangement of test layout for reciprocating compressor (851571:1975). 
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Measuring points for compressor acceptance testing. 





Adjustment of Results to Guaranteed Conditions 
(а) Corrected capacity (FAD) 


_ test FAD x guaranteed speed 
test speed 


If the speed for a specified FAD is not guaranteed, the correction does not apply 
provided that the machine gives the specified FAD at a speed which does not adversely 


affect its service reliability (see also Table 11). 
(b) Pressure at delivery. For positive displacement compressors no correction is 


necessary as it can safely be assumed that the specified delivery pressure can be obtained 
with specified intake conditions. 


(c) Pressure at intake. For exhausters no correction is necessary within the permiss- 
ible deviation — see Table |. 


(d) Corrected power consumption 


- power consumption 


" guaranteed absolute inlet pressure М guaranteed speed 
test absolute inlet pressure test speed 
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TABLE | — PERMISSIBLE DEVIATIONS FROM 
GUARANTEE CONDITIONS (851571) 


Speed +5% 
Absolute intake pressure 












Temperature of cooling water 
Pressure ratio 


TABLE || — TOLERANCE ON CAPACITY AND SPECIFIC ENERGY CONSUMPTION (BS1571] 


100% Capacity 90% Capacity 


Shaft Input at Spacific Capacity Specific No Load 
Normal Load Energy Energy Power 
Consumption Consumption 


below 10 kW 
10 kW to 100 kW 
above 100 kW 





This is the only correction necessary provided that the deviations of test conditions 
from guarantee conditions do not exceed the values given in Table |, 


See also chapter on A/r Flow Measurement. 
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Compressor Selection 





THE MAIN parameters involved in selecting a compressor for a particular application are pressure 
and air delivery required, initial cost and running costs. 

As far as delivery pressure is concerned, all types — reciprocating, screw, vane and dynamic — 
can readily produce pressure up to 10 bar, the only exception being those types specifically classi- 
fied as blowers. Where higher pressures are required a three stage reciprocating compressor 
becomes a logical choice; or a centr/fugal compressor for larger capacities, 


All types have overlapping performance envelopes for capacities up to about 300 m? /min 
(10000 ft? fmin) except that efficiencies of centrifugal compressors may not be attractive below 
about 170 m? /min (6000 f /min). Capacities offered by centrifugal compressors extend up to 
about 2800—3500 т> /тіп (100000—125000 ft/min), or well into the range also covered by 
axial flow compressors: Thus the two overlap in a strictly competitive range, although the axial 
flow type becomes increasingly attractive as the capacity required increases. Thus with very high 
capacities an axial flow compressor is the normal choice although the pressure range available may 
be more limited than with a centrifugal type. The lower limit of capacity at which the axial flow 
compressor usually ceases to be competitive is about 280 m? /min (10000 ft? /min). 

At lower capacities vane compressors are best suited to low volume medium pressure duties, 
but may be directly competitive with reciprocating compressors up to, and well beyond, delivery 
of 100 m? /min (3500 fr /min). Modern designs of screw ‘compressors can also be directly, com- 
petitive with both reciprocating compressors up to, and well beyond, delivery of 100 m? /min 
(3500 ft? /min); and turbo machines with deliveries up to 800 m? /min. 


Generalized performance envelopes for different types of compressors are given in Figs 1 and 2, 
and some comparative compressor characteristics are summarized in Table І. 





Costs (See also Figs 3 and 4] 

For compressor sizes below about Б m? /тіп (200 ft? /min) capacity, running costs do not play a 
significant part in choice of compressor. Thus only initial cost is a primary parameter where the 
demand is relatively small and/or intermittent. This would generally favour a reciprocating 
machina. Compressor efficiency may also be insignificant, particularly if use is intermittent and 
off-loading is incorporated. Where the demand is high and continuous, overall efficiency may be 
more significant than initial cost. 
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Fig 1 Generalized performance envelopes 
far different types of compressors, 
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COMPRESSOR CAPACITY = EEE 
COMPRESSOR OPERATING RANGES 


CAPACITY CFM 


PURCHASE PRICE 





ин 

= 

mum 

SEE =I = мо пао мю тю 000 жою 
CAPACITY СЕМ 


Fig 2 Capacity ranges for different 
types of compressors. Fig 3 Comparative costs of compressors. 
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SPECIFIC POWER 





100 зоо 1000 2000 Gena 10000 20000 


CAPACITY CFM 


Fig 4 Comparative efficiencies of 
compressors. 


POWER ABSORBED [kW/m3} 


Fig 5 Graph showing the respective power 

absorbed and the nosoad Power requirements of a 

28 m” тип (1000 ft^ Amin} two stage reciprocating 

compressor and an equivalent oil-flooded screw 
compressor. 


NO LOAD POWER [kw] 





? 9 E] о 


6 
DELIVERY PRESSURE [bar] 


Efficiency figures quoted arbitrarily can be misleading. With good design, most compressor 
types should prove capable of achieving overall efficiencies of between 70% and 85%, relative to 
the theoretical power required for ideal isentropic compression with no friction, fluid or other 
mechanical losses. Some types of compressor are inherently less efficient than others, however, 
and all are influenced by machine size, speed and other operating parameters. Thus, where overall 
efficiency is a major parameter and thus exact determination of efficiency is required, this is 
normally given as a quaranteed performance. 


Efficiency also depends on cooling and intercooling. Good cooling system design reduces water 
cooling requirements and cost. Fan cooling should be cheaper, but tends to be rather less efficient 
and more restricted in application. 


It is difficult to compare the efficiencies of different types of compressors offering similar 
pressure and capacity except on purely empirical grounds. Ап identical comparison of power con- 
sumption under no load conditions between a reciprocating compressor and a screw compressor 
is not possible, for example, since the former is normally fitted with suction valve lifters and the 
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К | 
latter equipped with throttle control, They can only be assessed on comparative performance and 


specific energy requirements, Soma typical figures are:- 
Type of Compressor 
Capacity Reciprocating Screw Vana 
(piston) | 

2.8 m? /min (100 ft? /min) 23.5 26.1 26.3 
14 т? /min (500 ft? /min) 20.1 25.0 27.0 

28 m? /min (1000 ft? /min) 19.0 22.4 = 

85 m? /min (3000 ft? /min) 18.2 21.3 = 











Fig 5 shows a direct comparison between a two-stage reciprocating compressor with a capacity 
of 28 m? /min (1000 tt? /min) and an equivalent oil-flooded screw compressor. An analysis of 
running costs on this basis is:- 


Reciprocating Oil-flooded Screw 
Compressor Compressor 
Power absorbed at 
28 m? /min and 7 bar 142 kW 179.8 kW 
Power consumed at 
9296 electric motor efficiency 176.3 kW. 223.4 kW 
Cost for 3000 hours at 
full load at 0.02 per unit £10578 £13404 
Power consumed at no-load BO kW 120 kW 
Cost for 1000 hours at no-load £1600 £2400 
Total cost for 4000 hours at 
74% weightup £12178 £19804 
Difference + £7626 
Difference per hour + 21.906 
This, however, is not a complete picture since it concentrates entirely on running costs. These 
are a major cost (and likely to rise with time). Other costs involved are:- 





























(i) Mounting requirements — which can vary with the type and size of compressor. 
The cost of suitable foundations is also substantially higher with some types 
than others. 

(ii) Driver cost — again variable with type and size of machine. Optimum compressor 
speed is also significant here, for this governs the suitability for direct drive, or 
the necessity for gearing up or down. 

(ii) Depreciation and maintenance — which can be major overall cost factors after 
the first year. 

Comparative features are summarized in Tables Il and IIF. 
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The general rule commonly adapted for assessing compressor life is ten years or 100000 hours, 
although this may be reduced substantially where the compressor is working under particularly 
adverse conditions. This can be taken as a typical figure from which to calculate a realistic estimate 
for depreciation. The figure of 100000 hours can be used for a compressor which 15 run con- 
tinuously, and ten years for a compressor run intermittently; the lower hours in this case are off- 
set by the deterioration likely to occur during periods of idleness. 


Working time between overhauls or replacement can be considerably shorter, although logically 
all critical parts of a compressor should be designed for the same 10 year/100000 hour life. 
Certain types, however, may have parts with an inherently shorter life — eg the life of the blades 
on a vane compressor may be of the order of one year only, or even less. Also, of course, reliability, 
as expressed in terms of continued troublefree operation, can be a characteristic of the individual 
design and quality of construction. 


A breakdown of time costs is then tikely to be of the following order: 


Capital costs spread over 10 years 25% 
Power requirements 60% 
Maintenance costs 15% 

Total 100% 





A further comparison between a reciprocating compressor and an oil-flooded rotary compressor 
taking maintenance costs into consideration is given below: 


Conditions: 3000 operating hours/year; 75% load factor; £0.02/kWh; £8 hr labour costs. 


COMPRESSORS 
Two-stage, air- -cooled Single-stage, air-cooled, 
reciprocating compressor oil-injected rotary screw 
with air-cooled after- compressor with integral 


| А 
cooler/moisture separator air-cooled aftercooler 
and moisture separator 


Output @ 102 Ib/in? д 212 ft? /min 220 ft? /min 
Total power input at full output 36.3 kW 43.8 kW 
Input at no load 7.4 kW 12.6 kW 
On-load power costs £1856.25 £2158.25 
Off-load power costs £133.73 £252.57 
Total power costs £1989.98 £2410.82 
Maintenance costs — labour £138.00 £65.00 
Maintenance costs — parts £901.50 £103.17 
Total maintenance costs £1039.05 £168.17 
Power + maintenance costs £3029.48 £2578.98 
Difference + £405.49 

Difference per hour + £0.16 


Note: Due to its higher output, the rotary-screw compressor has a lower load factor than the 
reciprocating compressor, ғе 72.27% of that of the reciprocating compressor. 
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Saving Power 

Considerable power can be wasted if an oil-flooded single stage rotary screw compressor is operat- 
ing on a no-load basis for any length of time. Obviously, it is as important to avoid wasting air 
when the machine is operating for no purpose as it is to avoid wastage through leakage. 

By using a compressor system with a modulating or throttle inlet valve to control the airflow 
through the machine to match the demands of the air system, there is very little saving of power 
when the compressor is off-load. This is because at half capacity the power consumption still 
represents 80% of the full-load power — assuming there is no air receiver. 

The full-load/no-load system using an air receiver may be slightly more expensive on first cost 
to purchase but it saves considerably on power costs during the 'no-load' times. In this system the 
compressor is at full capacity until the air systern pressure reaches a pre-set unloading level. The 
machine will then unload by closing the inlet valve. Since no air is needed, the system pressure will 
drop until the preset loading pressure is reached, at which point the air will build up again. Power 
consumption at no-load is approximately 25% of the full-load power because the compressor is 
still working against a minimum pressure. 

Even more remarkable is the case of reciprocating piston machines using an air receiver. Here 
the unloaded power consumption is even lower — a mere 8% of load power. 


Savings can be made if the right compressor is used for the right application. Where power 
represents some 60% of the current operating costs, efficiency of the complete compressor relates 
far more to these costs than it does to the misleading and 'non-cost related' term, volumetric 
efficiency. 


Vibration 

Rotary machines are inherently smoother-running than reciprocating machines. The latter may 
require particular attention to nrevent excessive vibration (and noise) being generated, eg by the 
application of anti-vibration mounts so that the machine is suitably isolated, In the case of rotary 
machines, the vibration level depends primarily on the degree of dynamic imbalance present in the 
rotating elements. Effective vibration damping can add appreciably to the total cost of installation. 


Noise 

Some types of compressor tend то be inherently noisier than others although a general description 
of this particular parameter is impossible, particularly as the noise spectra generated by different 
machines may vary appreciably. 

With some types air noise can be reduced substantially by simple treatment, eg with a filter 
түре silencer applied at a suitable point. With others this may not be possible, except by isolating 
the machine in a complete enclosure. ‘Machine’ noise transmitted through the casing may also vary 
appreciably in level and spectra with different types. 

The subject of noise (and vibration) control is a highly specialized one, requiring knowledge- 
able technical treatment to achieve any realistic improvements, 


Lubrication 

Lubrication is seldom a problem with modern compressor designs. Pressure lubrication is now 
generally employed on modern reciprocating compressors. Some types can run dry and would be a 
normal choice where ‘oil free’ compressed air is required, (see Table Ш). 
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TABLE 111 — COMPARISON OF EL TYPE FEATURES* 


Compressor Charactaristics Lubricated Dry Lubricated Dry Centrifugal 
Reciprocating Reciprocating Screw Scraw 


| 
1. Pressure volume selection M —M MÀ], - ТЕ Fig 2 


2. Low purchase price MM Saa Fig З ==- 

3. High initia! efficiency aeree See Fig 4 

4. High life expectancy 

5. Oil-free air 

6, Low installation cast 

7. Low foundation cost 

B. High lang term efficiency 

9. High part load efficiency 
10. Low regular maintenance 
11. Ease of inspection 
12. Quietness of operation 
13. Freedom fram vibration 
14. Safety 
15. Capability of uprate 


o Фф шаш б bw от = mo м 
о Om ы л (л юзу ы hà лом 


Gradings against items 4—15 are a guide to capabilities an a scale of 
0—10 





“United Technologies Elliott 


Valva Design 

Good valve design ensures low-loss performance and reliability. This can be a particularly import- 
ant factor in the case of reciprocating compressors. 

Control 


The most common form of control is discontinuous regulation. The degree of control possible 
depends on the type of compressor and may influence the choice of compressor type in some 
applications. The ability to match a compressor with associated plant may also be a consideration. 


See also chapters on Compressors, Compressor Controls and Compression Lubrication. 
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Air Lines 
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Compressed Air Mains 





ALTERNATIVES AVAILABLE are a dead-end main or a ring main. A dead-end main has the 
advantage of distributing the compressed air over the shortest possible run, reducing pressure drop 
and economizing on pipe cost. Its chief disadvantage is its lack af flexibility, although the service 
supplied by the compressor can be extended by the use of a split flow main — taking two separate 
mains from the compressor. Typical dead-end mains systems are shown in Fig 1. 


Compressor Compressor 





Dead-end main Fig} Dead-end split-flow main 


1 — ring main 

2 = branch main 

3 — take-off points 

4 — filter/separator in main 
5 — automatic drain 

6 — isolating valves 

7 — connecting point 

8 — drain cock 

9.10.11 — tools 
12 — separatorAubricator 
13 ~ separatar/reducing valve 
14 — blow gun 
15 ~ ail /water jet 
15 — compressor 
—— 17 — moisture trap 
Fig 2 Ring-main system {Broom & Wade! 18 — solids separator 





A ring main has the advantage that being in the form of a 'closed circuit', the velocity of air in 
the main wil! be reduced and the pressure drop should be less. The ring main itself may be of 
appreciable volume and capable of acting as a form of ‘reservoir’ to assist in maintaining pressure 
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at any particular point of use where there is a sudden draw-off, Also, if the system is extended by 
the addition of another branch, this branch can draw its supply from both ends of the ring main, 
reducing air velocity and minimizing pressure drop. A ring main system thus offers maximum 
flexibility with functional advantages and is generally the preferred choice — Fig 2. 

Regardless of the type of main, the most important consideration is that the pipeline should 
be of suitable size to pass the maximum volume of air likely to be required by the system, without 
any significant pressure drop, Pressure drop represents a power loss, not just in terms of output 
power at the take-off points, but also input power required (and consequently higher operating 
costs) to maintain the desired working level. A further ady antage of a low pressure drop is that the 
operating pressure range of the compressor can be significantly reduced. 


Mains Sizing 

Theoretically, at least, pressure drop would be reduced to a minimal figure by the selection of a 
very large diameter pipe. This, however, is not necessary or even practical. Excessively oversize 
pipes can cause air (and time) to be wasted in filling the extra volume, although actual losses in 
this respect can be relatively insignificant. Saving unnecessary extra cost of pipelines is more 
important. 

As a general design rule a pressure drop of the order of 596 per 30 m (100 ft) of pipe is satis- 
factory, bearing in mind that actual pressure drop is also dependent on air velocity through the 
pipe which in turn is governed by demand. If; further extension of the main is likely, then 'over- 
sizing' by about 5096 on the origirial figure should be considered. 

Mains sizing can be determined directly from theoretical or empirical data, or based on 
accepted recommendations. ‘Maximum’ flow rates сап be quoted for specific pipe sizes, estab- 
lished on the basis that this maximum rate corresponds toa pressure drop of 10% — see Table І. 


TABLE | — MAXIMUM RECOMMENDED der THROUGH MAIN LINES 


Nominal Bora Rate of Air-flow at 
7 bar (litres/second) 





Note: Velocity of air-flow less than 6 m/s 


For continuous flow it would then be advisable to base the pipe size on a 7596 flow rating. 
Further, the continuous flow figure should be based on the maximum continuous flow demand 





TABLE || — VARIATION OF PRESSURE DROP WITH FLOW RATE 
Design rating for continuous flow .. 


| low Rate | VICE eas АЕР 
Pressure Drop 
Ib/in? 





Pressure Drop 
bar 


Design maximum permissible flow rating .. 


TABLE ША — MAXIMUM RECOMMENDED FLOW THROUGH ABS PIPE 


10 BAR PIPE 


Applied (бе — 10har — Тара 25bar 4.0bar —— GObar 7.0bar 10.0 bar 
Pressura 









2.41 4,02 


Nota: Flow in litres per second 


TABLE 1118 
12.5 BAR PIPE 
Applied 9 6 bar 1.0 һаг 1.6 bar 25bar 4.0 bar 6.0һаг  70bar 10.0 һаг 


Pressure 








Pipe 
Size 
(о.9,) 
mm 


Note: Flow in litres par second 
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and not on the average, to allow for the possibility of all services fed by the main being used simul- 
taneously. Table Il shows how departures from design flow rate can affect the pressure drop, 
calculated for a 7 bar (100 Ib/in? ) supply pressure. 
More specific figures are quoted as recommendations for ABS pipes — see Tables ША and IIIB. 
The maximum flow rate required can be based on 1.5 to 3.0 times the average flow, depending 
on the number of outlets in use at any one time and the particular geometry of the system. 
A specific maximum pressure drop figure may be adopted to cover the requirements of the 
system. The choice of this figure is somewhat arbitrary. A compressor is normally capable of 
supplying a higher pressure than that needed for efficient operation of the various devices it feeds, 
but against this is the fact that pressure drop represents lost work or wasted power input. The 
system designer should aim at achieving a pressure drop of no more than 3—8%, as representing 
efficient working. In practice a higher figure is perfectly acceptable, and more realistic require- 
ments are; 
(i) The lowest practical pressure drop in the main distribution system (eg in a ring 
main). 

lii) A maximum of 10% pressure drop at the farthest point in the system in the 
device itself, although in particular circumstances a higher figure of up to 1596 
pressure drop may well be tolerated at such a point. 

It should also be appreciated that the geometry of the mains has a bearing on actual pressure 
drop, је bends and/or fittings represent additional frictional losses and thus pressure drop. Here 
generous radius bends in the pipe itself are more favourable than bends achieved via fittings. 
Examples of pressure drop through fittings are given in the chapter on Pressure Drop Calculations. 


Basic Geometry 

Overhead location of an air main is the best choice, whenever this is feasible, particularly with ring 
mains, This enables the mains to cover the working ardaís) in a direct manner. Besides being 
cheaper and simpler, this can also minimize the number of bends required. 


In the case of a dead-end mains there is often a case for adopting a low level system — eg see 
Fig 3. This can offer particular advantages for factory installations where each main is supplied by 
its own compressor. The main is run at a height of 0.45—0.60 m between back-to-back tool 
stations or under a bench run, and carried on floor-mounted stanchions as necessary. À spacing of 
3—4 m apart is generally satisfactory. 





Ога Pow 
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Mains Fall 

It is particularly important that an air main should be given a fall in the direction of the airflow 
(Figs 4 and 5). A fall of 1 in 100 or 1 in 120 is generally enough to ensure that water separating 
out is carried along to a low point by both gravity and airflow. Moisture traps and/or drains can 
then be installed at suitable points along the run and at each individual low point. Automatic traps 
or drains are preferred as these cannot become overfilled and thus inoperative. 


Pressure Balance Pipe 
E || if necessary 






Pressure Balance Pipe 


if necessary 
Strainer 





‘Spirax’ Air Trap draining a relay point ‘Spirax’ Air Trap draining a branch main 


Fig 4 


A — branch main 

B — pitch with flow 

C — wide pattern return bend 
D — main 

E — trap or water leg 

F — stop valve 

G — drain 

H — lubricator 

У — regulator 

K — filter 

L — automatic drain air filter 
M — flexible hase 





N — air drill 
О — hand-operated valve and air cylinder 
Fig 5 Dead-end main (Maxam), P — from receiver 


Branch mains or individual take-off points should emerge in the form of an upward loop. This 
wil! help contain any condensate present in the ring main and minimize the carry over of moisture 
to tool points, etc. А filter/separator should be fitted in the ring main at a high point between the 
compressor and the first take-off point, to reduce further the moisture entering the main and 
branch lines. This should be of the automatic Туре. 


Each branch and take-off point should have its own isolating stop valve and drain or drain cock 
at the blind end. Filters, separators and lubricators should be in the individual lines feeding tools 
or appliances requiring protection and/or lubrication. The choice of these devices will depend on 
the type of tool or appliance concerned, Tools normally require a moisture separator/lubricator 
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in the feed line. For paint spraying a moisture separator/reducing valve unit is required, the latter 
enabling the working pressure to be controlled at the take-off point. Blow guns should also be used 
via a pressure-reducing valve to control the force of the air jet. 

Where the main involves any appreciable length of run, flange connections and expansion joints 
should be used throughout the system as necessary. The run should also be above ground and 
accessible so that any leaks can readily be detected and rectified. 

Pressure drop is adversely affected by restrictions in the flow. Thus the interior of all pipes 
should be smooth and clean, and bends should be gradual with generous radii, Sharp elbows, tees 
and similar fittings should be avoided and all fittings used should be full-bore. Similar considera- 
tions apply to valve and hose connections, 

Adequate pipe support is necessary for ring mains. As a general guide, the following recom- 
mendations for support spacing apply, (but see also Table IV): 


Main diameter Pipe run between supports 
mm in metres feet 
25 1 2.4 8 
32 1% 2.4 8 
38 1% 2.4 8 
51 2 3.0 10 
76 3 3.4 11 
102 4 3.7 12 
127 5 4.0 13 
152 6 43 14 


TABLE IV — INTERVALS BETWEEN PIPE SUPPORTS 


Steel Pipawork | ABS Pipework 











Pipe size Maximum intervals Maximum intervals Pipe Outsida Support Spacing 
Nominal bore for vertical runs for horizontal runs diamater at 20 C 
m 










For each 10°C temperature rise, reduce 
support spacing by 10%. 

These support centres can be doubled 
for vertical pipes. 






over 300 
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Outdoor Air Lines 

Outdoor air lines present special problems — notably the need to protect the outside of pipes with 
an anti-corrosive paint or similar treatment, and the desirability of burying the lines in the ground 
at frost free depth to prevent freezing of condensate and pipe obstruction or blockage developing 
at low ambient temperatures, Underground installation can be costly, particularly as inspection 
wells are also necessary to gain access to condensate traps and valves, 

Overground installation, with the pipes suspended on posts or supported on plinths is generally 
cheaper and simpler. Quick-coupling pipes are recommended in this case. This form of joint has an 
expansion-contraction capability to counteract both thermal movements and some misalignment. 
With overground lines, however, particular attention must be given to condensate separation where 
there is a risk of freezing. 

it is also recommended that all outdoor pipes should be of welded steel construction, hot- 
galvanized and fitted with flanged joints for water traps and valves, 


Leakage Losses 

Any leakage from an air main (or any other part of the system) can result in substantial power 
losses, eg at a typical system pressure of 7 bar, the leakage through a hole of approximately 
1.6 mm can represent an additional 1 kW of power per second demanded from the compressor to 
make up. 


In practice some leakage is to be regarded as inevitable and accommodated by adopting a 
nominal figure for leakage of 5% of the total compressor capacity. Higher leakage rates are, unfor- 
tunately, commonplace in systems where maintenance is poor, and in some cases may exceed 25— 
3096 of the compressor capacity. А satisfactory maintenance programme should thus aim at hold- 
ing leakage to acceptable levels, the most common source of loss being leakage at hoses, couplings 
and valves. 

Two standard methods of determining the leakage rate in a complete system are: 

(i) First determine the volume (V) (litres) of the air mains downstream of the 

receiver isolating valve including all branch and drop pipes. Pump up the whole 
system to the normal operating pressure (P,) and then shut down the com- 
pressor. Close the receiver valve and make certain that all tools and equipment 
are isolated. Check the time for the system to leak down to a lower pressure 
(P4). P, — Ру is thus the pressure drop. The amount of leakage in litres per 
second of free air is computed as follows: 


Vilitres} x (P, — P4) (bar) 


t (secs) 
Example: 

V = 300 litres 

P, = 7bar 

P, = 6 bar 


t 300 seconds 


300 х (7 —6) = 1 litre/second 
300 
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(ii) The second method is бу using a compressor of known capacity as a measuring 
device. This machine should be run at full load with all equipment isolated. 
When the system is chalged to operating pressure, the compressor will unload. 
Due to air leaks the air pressure in the system will fall, causing the compressor to 
come on load. The duration of the period {in seconds} for which the compressor 
is ‘on-load’ (T) and ‘off-load’ (t) should both be recorded at least four times. If 
the compressor and capacity is Q litres per second, and the loaded time is T 
seconds, the amount of air delivered is Q x T litres. If the total running time is 
t + T seconds, the average volume of air leakage is: 


QxT 


litres per second 
t+T 





See also chapters on Branch Lines. 
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Branch Lines 





BRANCH LINES are normally of relatively small diameter compared with the air mains, but may 
range up to 80 mm diameter (or even 100 mm diameter in the case of hose). Pressure drop can 
be calculated from first principles (taking the losses through fittings, etc into account), or line 
sizing based on recommended practice — see Tables |, Il and Ill. 

For rigid lines, steel or copper tubes are used, and to a more limited extent ABS pipes, Flexible 
tube materials may be preferred at specific locations, eg take-off points. These may be of rubber, 
nylon, PVC or other plastics. Nylon tubing is generally suitable for working pressures up to a maxi- 
mum of 35 bar (500 Ib/in?) at room temperature, depending on size. It is also produced in the 


TABLE | - MAXIMUM RECOMMENDED FLOW THROUGH BRANCH LINES OF STEEL PIPE 
Maximum recommended air flow (itres/second Free Air)t through medium series steel pipe for 
branch mains not exceeding 30 metres length (ISO 65). 


Applied NOMINAL STANDARD PIPE SIZE (NOMINAL BORE) — MILLIMETRES 


Gauge 
Pressure 15 
bar 





General Notes: 
1 The flow values are based on a pressure drop as follows: 
10% of applied pressure per 30 metres of pipe of 6—15 mm nominal боге, 
5% of applied pressure per 30 metres of pipe of 20—80 mm nominal bore. 








TABLE II - MAXIMUM RECOMMENDED AIR FLOW (LITRES/SECONDH THROUGH COPPER OR 
NYLON TUBING AND CORRESPONDING PORT THREAD [150 1179) 


Applied NOMINAL TUBING SIZE (OUTSIDE DIAMETER! — MILLIMETRES 


Gauge 
Pressura | 5 mm 6 mm 10mm 12mm 16 mm 18 mm 22mm 


G1/8 G1/8 Gi/4 G3/8 G1/2 61/2 G3/4 





Notes: t The flow rates are selected to provide an approximate Е. РЕ drop with either nylon or copper 
tubing as follows: 
15% of applied pressure per 30 metres of tubing іп sizas 4--16 mm inclusive. 
10% of applied pressure per 30 metres of tubing in sizes 18—28 mm inclusive. 


TABLE Ili — TYPICAL PRESSURE LOSS IN SMOOTH-BORE HOSE 
(INCLUDING PRESSURE DROP ACROSS ко FITTINGS АТ EACH END) 

















Air Flow in litres second through 15 matres of hose 







Nominal Gauge 
























Bore of Pressure 

Hose at Нога 16 25 40 60 80 
895118 Inlet 

mm bar Pressure loss in "bar' per 15 m langth 





o50b5hosonoo 





Diameter of 
hose spiral 











outer diamater 
mm in 





minimum 


Ё 
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Flexible reinforced PVC hose (left! and 
spiral nylon elastic hose fright), 


„ 





TABLE V — EXAMPLES OF SIZES AND RATINGS FOR REINFORCED PVC HOSE 


Hose dimensions Working pressure 
outer diameter at +20°С (68°F) 
mm i 





form of elastic spiral hose for the connection of air tools, maximum working pressure in this case 
being 15 bar (215 Лиз ) (see Table IV). 

Heavy duty rubber tubing of reinforced construction is used for hose that has to withstand 
rough treatment (eg on mining and construction sites). Such hose normally consists of a smooth 
inner tube of rubber reinforced with diagonal cord layers and fitted with a tough, weather- 
resistant outer cover. On larger sizes (eg 80 mm bore and above), as many as six plies may be used 
in the construction. 

Plain flexibie PVC tubing has limited application, but in reinforced form can be superior to 
rubber hose, with superior flexibility which is retained at lower temperatures than other types of 
plastic hose. Working pressure for PVC hose is normally quoted for room temperature. If used at 
the maximum service temperature for the material of circa 60°C, working pressure should be 
reduced by 5096 — see also Table V. 


See also chapter on Compressor Air Mains. 





Pressure Drop Calculations 


PRESSURE DROP through an air line depends on the flow rate, pipe diameter, pipe length and 
pipe geometry (je bends, etc). It can be determined directly for straight pipes of any given length 
from empirical formulas, or from tabular or graphical data. Tabular data commonly quote pressure 
drop per unit length of 100 metres or IS metres {ог in original English units, pressure drop per 100 
ft length), Pressure drop through valves and fittings, etc, is normally quoted in terms of equivalent 
pipe length {іе the length of e pipe of the same diameter size giving the same pressure drop}. 


Pipe length, however, is relatively insignificant as a design control parameter compared with 
pipe bore size, since pressure drop is inversely proportional to {bore}, approximately. In other 
words, a small change in bore size can have a marked effect on pressure drop, whereas even 
doubling the pipe length will only result in doubling the pressure drop. 

Determination of the relationship between flow rate and pressure drop leads to complex 
formulas, tedious to manipulate, Far most practical purposes a basic formula of the following 
order can be used 






AP = f.L.Q 
rd* 
where 
AP = pressure drop 
f = a friction factor 
L = pipe length 
а = flow rate 
r = compression ratio at pipe entrance 
d = pipe bore 
x = anlexponential, the theoretical value of which is 5.33 


although 5.0 is more convenient to use 
ү = anexponential theoretically equivalent to 1.85 
although sometimes taken as 2.0 for simplicity 
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A practical form of this equation is 


1.35 
kee dog 


Pm У d* 
where AP = pressure drop in bar 
f = friction factor = 500 for conventional steel pipes 
L 7 pipe length in metres 
а = volume rate of flow, litres/sec (free air) 
Pm = mean absolute pressure in bar 
d = bore of pipe, mm 


The nomogram of Fig 1 can be used for obtaining direct solutions, using working pressure in 
bars. 

A limitation of this formula {and the nomogram solutions} is that it does not account for 
variations in friction factor with pipe bore condition. И will thus over-estimate pressure drop in 
the case of smooth bore pipes (eg copper, nylon and ABS tubes). Since this is on the ‘favourable’ 
side, such difference is usually ignored in practice. Rather fess significant is that the friction factor 
will also vary with Reynold's Number (and thus with pipe diameter). Again this can be ignored for 
most practical calculations involving industrial compressed air supplies. 


Pressure Drop Through Bends and Fittings 
Pressure drop through bends and fittings can only be determined accurately by empirical tests 
since it is specific to the internal geometry involved. 

Fitting resistance can be expressed in the form of a friction factor or fitting resistance 
coefficient, which can then be used for calculating pressure drop in the same formula as for pipes. 
Typical resistance coefficients are given in Table 1. In the case of proprietary fittings, this will only 
give accurate results if the specific value of the resistance coefficient has been determined at the 
anticipated Reynold's Number of flow, /e representative flow velocity for a given fitting size. 

It is generally more convenient and simpler to calculate fitting resistance in terms of equivalent 
length of straight pipe — fe the length of straight pipe, of the same bore size as the fitting, which 
will have the same resistance (and thus pressure drop) as the fitting. Again such values can only be 
determined on empirical lines (see Tables И, lil and [V), but the following formula will be found to 
be in close agreement with the results obtained in practice:- 


Lr = KfD!? 
where Ly = equivalent length of straight pipe 
K = isaconstant = 4.34 for L in metres and D in centimetres 
= 43.7 for L in feet and D in inches 
f = fitting resistance coefficient 
D = pipe or fitting bore size 


The accuracy of this formula depends on the accuracy of the frictional coefficient used. For 
non-critical applications tabular data are usually referred to. 
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Pipe length (m) 
10 Inner diameter (mm) 
m 
20 
Pressure drop (bar) 
400) 
9,03 
50) Aur How (1 s} 
300 0.04 
000 
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100 | 
1 
500 200 Working pressure (bar) 0.07 
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01 
600 150 
3 
C 
300) 4 D 15 
el 
5 
1000 9 
150 
T ~ 
2000 
Р. 
03 
10 
БО 
5000 15 04 
20 
0 0,5 
А Е 
8 07 
1 
5 
c F о 









Fig Т Pressure drop nomogram. 

Connect the pipe length (АЈ with the air flow (8) and extend to line C. The intersection on line C is 
then connected with the pipe diameter (0) and extended to Mine F. With the intersection on lina F as 
pivot connect the actual working pressure (E) with scale G and read the pressure drop. 

(Atlas Copco). 





TABLE 1 — RESISTANCE COEFFICIENTS OF FITTINGS AND BENDS 





Large elbow 

Small elbow 

90° sharp elbow 

Large tee, straight through 











Large tee, branch flow 
Small tee, straight through 
Small tee, branch flow 
Cross, straight through 
Cross, branch flow 
Close return bend 


TABLE it — PRESSURE LOSS THROUGH STEEL FITTINGS — EQUIVALENT PIPE LENGTHS 


Gate valve 
fully open 
half closed 


Diaphragm valve 
fully open 


Angle valve 
fully open 


Globe valve 
fully open 


Swing check valve 
fully open 


Bend R = 2d 
Bend К = 4 
Mitre bend 90° 
Run of tee 
Side outlet tee 
Reducer 


Pipe outside diameter 


90° elbow 

45" elbow 

90° bend 

Tee in line Now 

Tee in line to branch flow 
Reducer 


0.34 
0.16 
0.1 


0.77 
0.22 


0.33 
0.42 
0.50—1.00 
0.33 
1.00—1.33 
0.40—0.50 
1.30-1.50 
0.35—0.50 
1.00—1.40 
0.60—0.90 




























Equivalent pipe length in metres 


Inner pipe diameter in mm 


40 50 80 100 125 


equivalent pipe length in metres 


32 50 63 75 90 


0.5 
0.24 
0.16 


0.123 0.19 


1.17 
0.31 


149 


150 200 


110 
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TABLE IV — EQUIVALENT PIPE LENGTHS Br VALVES AND BENDS* 


Equivalent pipe length in m 
Inner da diameter In mm 
200 
gale valve. fully open E 
hall closed 
4 
diaphragm хаме Tu 
tuliy open [^ 1 
| 
glabe valve. fully open T | 
| 
Swing check valve 
fully open 24 
| 
0 t8 
- n И 
band Red = 4 
zT se 
side ош а! тее 48 | 12 
2 | 


*Atlas Сорсо 





















bend A= 2d 







Pressure Drop Through Flexible Pipes 

Theoretically, at least, if a flexible pipe has a smooth bore and a straight run, the pressure drop 
will be the same as that af a rigid smooth bore pipe of the same bore size. Flexible pipes are, how- 
ever, liable to manipulation through various forms of bends, with consequent increased and 
variable resistance to flow; and the flow itself may be of a fluctuating or pulsating nature. Line 
sizing in this case is thus normally based on practical recommendations — see Tabie V. Likely 
losses can be estimated from the tabular data. Only in critical systems is it likely to be necessary 
to determine the actual pressure drop e by specific tests on a sample length of hose mani- 
pulated under design working conditions 
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Losses in End Fittings 
Losses developed in end fittings can have a significant effect on the overall pressure drop, as in 
addition to the free flow area an orifice loss is also involved. This latter figure can be expressed in 
terms of an orifice coefficient, the value of which will always be less than unity (and will thus 
represent a relative loss or throttling effect). 

Where the orifice coefficient for the end fitting is known, then the airflow through the fitting 
can be calculated from the following simple formula, which is sufficiently accurate for general 
use: 


air flow = A.c.d4/P 


where 
с = orifice coefficient 
d = orifice diameter 
P = air pressure at the entry to the orifice (/e taking into 


account the total pressure drop to this point). 
А is a constant which has the following specific values: 
A = 2.55 for cand d in millimetres and pressure in bars 
| 


= 115 forc and d in inches and pressure in Ib/in? 


Blowers 


Where comparatively large flow rates are involved with low initial pressures (eg blower applica- 
tions), the following simplified formula can be Used:- 





АР = ЕС x MAC 
Pm 1000 
where 
Pm = mean pressure (absolute) 
F = a friction factor 
kyls 


where k is a coefficient depending on the units employed 
k = 482 for V in metres/sec 
d in centimetres 
AP and Pm in bar 
k = 7,0 for V in ft/sec 
d in inches 
АР and Pm in Ib/in? 








Pipe Materials 





STEEL IS the most common material used for main line pipes, although ABS (thermoplastic 
polymer) has become an acceptable alternative, Other materials used on smaller mains are: 

copper (nominal diameter up to 40 mm) 

thin walled stainless steel (nominal diameter up to 25 mm) 

rubber hose and plastic tubing 


Steel Pipes 
Steel pipes to BS1387 (or equivalent) are normally specified in nominal bore sizes (see Table 1). 
These sizes are suitable for screwing to BS21 pipe threads, Preferred finishes are black or galvan- 
ized, the latter having better corrosion resistance, 

Steel pipes are normally used with threaded connections, but above 65 mm nominal bore 
welded fittings to BS1965 are recommended. Malleable iron fittings, where used, should conform 
to 85143 and BS1256. 


TABLE 1 — NOMINAL SORE SIZE STEEL TUBES TO 851287 


Nominal Size Actual Bora Approximate o.d. 


13/32 
17/32 
11/16 
27/32 
1.14/16 
1.11/32 
1.11/16 
1.29/32 
2,3/8 








154 PIPE MATERIALS 


Plastic Pipes 

ABS is a tough, ductile and non-corroding polymer and the only plastic material generally recog- 
nized as suitable for air mains. Its main limitation is that it softens and loses strength with increas- 
ing temperature. Rated pressure is quoted at 20°С with, typically, some 20% derating at 35°С, 
8g 


rating at 20°С rating at 35°С 
10 bar 8 bar 
12.5 bar 10 bar 


The other limitation is that ABS is not suitable for threading so connection to metal com- 
ponents must be made with composite unions or adaptors. 

Standard types of ABS pipes produced for air mains are rated in two pressure classes: NP10 
(maximum continuous working pressure 10 bar) and МР12,5 (maximum continuous working 
pressure 12.5 Баг). 

No other plastic material is (as yet) normally used for compressed air mains, particularly as 
materials such as rigid PVC can be subject to brittle failure. Flexible plastic tubes are, however, 
used for branch lines. 


Copper Pipes 

Copper tubing used for air mains should conform to BS2871 (Part 1), although BS659 and 
В52017 sizes remain in use, (see Table 11). It is (almost) invariably used with compression fittings 
which makes it a more expensive alternative to steel or ABS for air mains. Copper piping is, there- 
fore, more widely used for branch lines. 


Branch Lines 
In addition to copper, nylon tubing is commonly employed for small diameter branch lines, with 
flexible lines at too! take-off points. Preferred sizes of nylon tubes are: (see also Table 111), 


o.d. (ins) i.d. (ins) o.d. (mm) i.d. (mm) BSP Fitting Size 
1/8 0.058 5 3.3 1/8 
3/16 0.122 8 5.5 1/4 
1/4 0.165 12 8.5 3/8 
5/16 0.213 15 12.0 1/2 
3/8 0.245 
1/2 0.369 
3/4 0.587 


Flexible nylon tubes may be used directly for small diameter hose or reinforced with braid for 
larger hose sizes. Coiled nylon tubes are also used for flexible lines, the tubing in this case being of 
small bore (eg up to 5/8 inch) formed in the shape of a close-wound coil. This results in an 
extremely flexible line which can also be extended considerably in length, retracting and re- 
stacking to its original coil form when released. 

Another flexible form of air line hose is PVC reinforced with terylene. Working pressure rating 
is similar to that of plain nylon tubing, eg 17.5—12 bar (250—170 Ib/in? ), depending on size. Bore 
sizes up to about 25 mm (1 inch) are readily obtainable. Working temperature range is, however, 
limited to about —10°C to +40°C (14°F to 104°F). Reinforcement may be mesh type {ie yielding 
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TABLE 1 — COPPER PIPE SIZES FOR AIR LINES 


o.d. in Equivalent 
BS2017 i 


Burst Pressure 
at 20 C 


Ib/in? bar 


Light Gauge 

1/8 0.0023 
3/16 0.0060 
1/4 0.0100 
5/16 . 0.0140 
3/8 0.0200 
1/2 0.0370 
5/8 0.0500 


Haavy Gauge 

1/8 0.0340 
3A6 0.0033 
1/4 0.0090 
5/16 0.0230 
3/8 0.0310 
1/2 0.0600 





a transparent tube) or an opaque braid, Many of the earlier limitations of plastic hoses, eg particu- 
larly lack of flexibility at lower temperatures, have been overcome with later formulations, Spiral 
wire reinforced plastic tubes may be used for hose duties, the latest types offering a smooth rather 
than a corrugated bore. Spiral wire reinforced plastic tubes resist deformation under negative 
(suction) as well as positive internal pressures. 

Rubber hose is generally used for flexible lines where a wider working temperature is required 
or larger hose sizes are needed. Air line hoses are notmally manufactured to 85924 Type А or B 
requirements (or American or Continental equivalents). The basic construction comprises a seam- 
less inner tube of oil-resistance rubber, wrapped with plies of cotton and a smooth outer cover. 
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Typical sizes and ratings are:- 


Туре А — sizes 4.8—9.5 mm (3/16 in to 3/8 in} — bore pressure 
rating 12 bar (170 Ib/in" ) maximum 


Type B — 12.5-63.5 mm (% in to 2% in) bore. 
Typical pressure ratings:- 


mm in bar Ib/in? 
4.8 3/16 32 450 
6.3 1/4 31 440 
8.0 5/16 26 375 
9.5 3/8 22 310 
12.5 1/2 19 275 
19.0 3/4 16 225 
25.0 1 14 200 


Rubber hoses and flexible lines for suction services normally feature wrapped ply construction. 
The fabric reinforcement is laid in the form of several close layers or plies, rather than braid, pro- 
ducing a more rigid construction. Where greater flexibility is required, the plies may be separated 
or cushioned. This also improves the kink-resistance of the hose. Metallic wire reinforcement may 
also be used in the form of a d spiral, embedded or semi-embedded in the liner. Only fully 
embedded spirals produce a smooth bore tube. 


Plain (unreinforced) polythena. tubing is more flexible than nylon tubing. Typical maximum 
pressure rating is 7 bar (100 Баг } for 15 mm {5/8 in) a d. tubing and up to 14 bar (200 Ib/in? ) 
for 5 mm (3/16 in] o.d. tubing. Flexible polythene tubing is not suitable for pressure use at 
temperatures much above 75°С, nor for rigid Installations except where adequate support by pipe 
clips can be arranged. 


Flexible PVC tubing is only suitable for low pressure and has a maximum service temperature 
rating of 70 C. Its flexibility can compare with, or is better than, that of polythene tubing. 


Tube and Pipe Bending 


Copper is an attractive material for rigid pipes since it is readily manipulated into bends, enabling 
the number of fittings required to be reduced, It can show considerable cost advantages over steel 
or ABS in this respect. 

Small diameter metallic pipes and tubes can be manipulated by hand for bending, but care is 
needed to ensure that the tube is not kinked or otherwise deformed, which will restrict the air 
flow. The absolute minimum for the radius of bend is three times the tube o.d., and a higher figure 
should always be adopted for hand bending. Larger radius bends will also have lower frictional 
losses, Fillers may be used to support the inside of pipes and tubes for hand bending. These are 
effective only if the tube is filled ‘solid’. Low melting point metallic fillers are generally to be 
preferred, and are readily removed by gentle heat after bending. The material is re-usable, Sand is 
not recommended as a filler due to the difficulty of ensuring its complete removal unless pressure 
cleaning equipment is available. 

Proprietary pipe benders are available for manipulating larger sizes of pipes and tubes and also 
for handling all thin walled metallic tubing, which is difficult to bend without local deformation. 
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These work on one of the following principles and can produce satisfactory cold bends. 
Compression bending — where the tube is clamped and effectively put in com- 
pression during bending. It is most suitable for thicker walled tubing and larger 
bend radii. Its main advantage is that the construction of the bender is simple 
and the bending operation can be completed rapidly. 

Draw bending — where the tubing is clamped to a grooved form and literally 
wound to the bend by the action of a moving shoe. It is suitable for the tightest 
bends, but there may be some deformation of the section through flattening. 
Press bending — a simple and rapid technique, where the tube is manipulated by 
rollers working against a reaction block. It is mostly suited to thicker walled 
tubing and generous bend radii. 

Roll bending — particularly suited to the manipulation of thin walled tubes, 
involving the passing of the tube through a series of offset grooved rollers, Some 
of the rollers are power driven, the others are idlers. The driven rollers are 
brought progressively nearer to each other, until the required radius of bend is 
obtained, Such machines can also produce complete 360° bends and coils. 


Pipe Supports 

Permanent installations in rigid (metallic) tubing must always be adequately supported so that no 
strain is put on the compressor or other devices to which they are attached. Supporting clips 
should, preferably, be of the type with elastomeric liners or similar feature, which clamp the pipe 
or tube rigidly, but at the same time allow for axial movement to accommodate contraction or 
expansion. Alternatively, for shorter runs, thermal expansion and contraction can be accommo- 
dated by bends or, in the case of large pipes, the fitting of expansion joints. 

Clip spacing is generally less critical in the case of nylon tubing, although again the question of 
avoiding snagging is important. It may also be desirable to anchor the tubing securely on either 
side of bends to prevent whipping or excessive displacement which could follow an interruption of 
flow. 

Clips should be used on pipes close up to fittings, etc, which are not themselves mounted to 
save the pipe from carrying the weight of the fitting. Logically, too, the complete line system 
should be laid out as neatly and tidily as possible, although this consideration is often modified by 
the respective lengths of lines involved. However, the shortest distance between two points is not 
necessarily the best run for a line. Conversely, designing a ‘tidy’ system by using a multiplicity of 
elbows and fabricated bends to group runs af lines, may represent unnecessary cost and unneces- 
sary additional pressure drop. 

їп certain systems it may be desirable that all piping be electrically bonded. This can be done 
by using pipe clips which incorporate a small tongue or similar projection in contact with the 
surface of the pipe, when the pipe may be earthed through the clip. With plain clips, a bond can be 
formed by inserting a layer of metallic gauze to a suitable point. 

Simple pipe clips are commonly manufactured in brass or copper. These may be shaped to hold 
individual pipes of a specified overall diameter, or up to six pipes in a single clip. Unless insulated 
from the pipe, eg with a plastic liner, pipe clips should always be of similar metal to the pipes to 
avoid the possibility of electrolytic corrosion. 

See also chapters on Compressed Air Mains and Branch Lines. 








Compressed Air Treatment 


TYPES AND sources af contaminants in compressed air systems and methods of treatment are 
summarized in Table 1. The degree of treatment necessary depends on the particular application. 
Thus, for general industrial applications using air mains for compressed air supply, intake filtering 
at the compressor and aftercooling of the air delivered by the compressor to provide partial water 
removal, and finally followed by filters to receive solid contaminants down to a specific size may 
ba adequate. In other systems two or more stages of filtration/separation may be required; and in 
more critical applications this may be further followed by drying to provide humidity control. 


TABLE | 


| 


dust, smoke, fumas atmosphere Inducted hy compressor 
atmosphera 


Removal 


intake filter 
























bacteria, viruses inducted hy compressor sterilizer 







separator followed by 
dryer if necessary 


water vapour atmosphere inducted by compressor 







compressor generated in compressor 








carried over from 
compres 





oil separator 








compressor 





















from walls of air mains line filters 


etc 





solids system corrosion 


products 


Intake Filters 

Large stationary compressors are lonnimoniy installed in separate rooms drawing air from the out- 

side atmosphere. This has the advantage of eliminating induction of factory-generated fumes, con- 

taminants, etc. The level of dust concentration present in the inducted air will obviously vary with 

different sites, but сап be expected to be of the order of 10—50 mg/m? (0.6—3.0 x 10% lb/ft). 
Standard practice is to fit tha compressor with an intake filter having an efficiency of the order 

of 99.996 — eg cartridge type filter with filter element, or panel filter, depending on the size of the 


compressor. Such filters сап be expected to pass all solid particles smaller than 5 um in addition to 
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atmospheric water vapour, gases, vapours, odours, bacteria and rinses which may also be present in 
the inducted air. Cut-off will not be positive at 5 ит and a typical ‘count’ of larger solids passed 
would be: 


5 um — 12% of total weight 
5 — 10 um — 12% of total weight 
10 — 20 um = 14% of total weight 
20 — 40 um – 23% af total weight 
40 — 80 um - 30% of total weight 
ВО — 200 um — 996 of total weight 


Intake filters may be of the 'dry' or *wet' type. Compressor manufacturers will normally specify 
which type and size of filter to use for specific applications, or supply suitable general purpose 
filters as standard fittings. The intake filter may also be combined with a silencing chamber (filter 
silencer), or a separate air silencer fitted after the filter to suppress a compressor noise, Where air is 
inducted from an outside source the filter would be fitted at the point of air entry to the building 
rather than on the compressor itself. In this case it is important that the pipework between the 
filter and compressor be clean and free from corrosion. If any doubts exist on this score, an 
additional filter or simple filter screen can be fitted at the compressor inlet. 


Types of Intake Filters (see also Fig 1) 
Types of intake filters most commonly used on compressors are: 


(i) Paper filters — with renewable elements, used on all types of compressors. Filter- 
ing efficiency is high (eg over 99%) with typical pressure drop for a new element 


Fig 1 Types of intake filters. 
{Atlas Copco). 
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of 2.5—3.5 millibar if correctly sized. Paper filters are not generally 
recommended for reciprocating compressors unless a pulsation chamber is 
incorporated between the filter and compressor intake. They are also not suit- 
able for handling air at temperatures in excess of 80"С. 

{ii} Fabric filters — which are stronger than paper filters and generally cleanable by 
back-flow of compressed air, or in some cases by washing. 

(iil) Опат filters — which have а highar solids retention than the aforementioned 
types with a capacity of collecting impurities equal to the mass of the oil. They 
are not suitable for use on piston compressors unloaded by closing the air inlet 
valve unless installed with a bypass or check valve to prevent oil being blown 
back out of the filter with reverse air flow, 

(iv) Labyrinth type oil-wetted filters — mostly used on small compressors inducting 
relatively clear air, They require periodic cleaning. 

{v} Inertial filters — of reverse flow or cyclonic type suitable for coarse filtering of 
large voiurnes of air. They are normally used as prefilters in combination with 
paper, fabric or oil-bath filters. 

The most suitable type of intake filter is normally specified by the compressor manufacturer, 

based on the degree of filtration desired and the operating conditions. 


Water Separation 

Ambient air always contains water vapour. After leaving the compressor the air is fully saturated 
with water vapour, the actual amount of water vapour present being directly proportional to the 
temperature of the air and inversely proportional to the pressure (see Tables IA and IIB). Thus 
liquid water is best removed when the temperature of the air is lowest and the pressure is at its 
highest — је immediately on leaving the compressor. 

Standard practice is to follow the compressor with an aftercooler which should be of sufficient 
size and cooling capacity to reduce the temperature of the outgoing air to within 8—10 degC of 
the temperature of the water entering the aftercooler. Cooling in the aftercooler may be by 
ambient air or water. In the latter case approximately 20 litres of water will be required for every 
2.5 m? of free air being cooled in à typical system to realize the aforementioned performance. 

A receiver following the aftercooler, and located in the coolest place possible, will permit 
further cooling and water condensation — Fig 2. 
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For compressors operating at pressures in the region of 7 bar gauge the size of the receiver in 
litres should be approximately equal to thirty times the rated free air delivery of the compressor in 
dm? /s, је a compressor rated at 50 dm? /s free air delivery requires a receiver of approximately 
1500 litres capacity. 

As further cooling may occur in the distribution mains themselves, these should be laid out 
with a pitch in the direction of air flow so that both gravity and air flow will carry water to drain 
legs located at appropriate intervals. These should be fitted with automatic drain valves to prevent 
them becoming flooded. | 

Any downloops in the distribution mains should be avoided if possible but if this cannot be 
arranged then drain legs should be located at the downloop. 

Except for the drain legs, all take off points from the distribution mains should be taken from 
the top of the main to prevent liquid water from entering the take off lines — see Fig 3. 





Fig 3 
1. Dry fabric filter protecting electric motor cooling air supply. 2. Air filter pro- 
tecting compressor intake. 3. Electric motor. 4. Compressor. 5, Aftercooler. 
6. Receiver. 7. Main pipeline filter&eparator. 8, Smaller main filters in branch 
lines. 9. Supply. points, 10, Drain cock. 11. Individual air ling filters. 
{Vokes Limited). 


Automatic Drains 

Various types of automatic drain valves have been produced which automatically release water 
collected from the air line when filled. A ball float туре valve is commonly used since this main- 
tains a positive shut-off, opening only when enough water has collected to lift the float, and 
closing again immediately the water has been ejected. The other main type is of 'aerodynamic' 
design which blasts open to eject the contents of the trap when a specific quantity of water has 
collected. The main difference between the working of the two types is that the float valve type 
produces a continuous discharge, and the blast type a heavier discharge at intervals. 
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Two limitations may apply to mechanical drains (or traps) — the possibility of becoming 'air 
locked', and limited ability to handle water contaminated with oil, The former condition may be 
countered by fitting a pressure balance pipe. Where oil contamination results in a build up of 
emulsion which makes the automatic drain sluggish in operation (or even inhibits satisfactory 
operation), more frequent cleaning is necessary, or a modified form of valve, capable of handling 
heavy contamination should be used, Some types of mechanical traps may also be susceptible to 
blocking or jamming open in the presence of scale or larger solid contaminants, although many are 
dasigned to have self-cleaning valve actions. 


Fett element air line filters 
(Air Maze Ltd). 


Combined line filter, separator and 
pressure gauge. 
(Wabco Westinghouse} 





Line Filters 

Because of the possibility of cooling occurring during the passage of air through the distribution 
mains, it is preferable to install individual smaller filters as near as possible to the actual point of 
use of the air rather than a single large filter adjacent to the air receiver. These filters should also 
be located upstream of any pressure reducing valves. 

The fact that the aspired air is filtered, and that a proportion of any solids carried through the 
compressor wili be withdrawn from the airstream by the separator, does not eliminate the 
necessity for filtering the delivered air via line filters. These can, in any case, provide a higher 
degree of protection than an intake filter without excessive pressure drop, as well as taking care of 
any contaminants originating in the compressor. Thus, a large system may require additional high 
flow rate filters in the main and branch main lines, as well as individual line filters. Alternatively, 
filters may be used in individual lines for specific protection of individual appliances or devices. 
The latter has the advantage that pressure is dropped only through a single filter to each take-off 
point rather than subjecting the main line flow to pressure drop through filters. On the other hand, 
main lina and branch line filters can reduce the number of individual filters required in the system. 

A properly designed air line filter of the correct size for the rate of air flow will effectively 
remove the liquid water, but cannot reduce the water vapour content of the air. If the air is 
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subjected to further cooling after it has passed through the filter more water may condense out. If 
complete freedom from water contamination is essential then steps must be taken to ensure that 
the water vapour content of the air is lowered to the point at which the 'Dew Point' of the air is 
lower than any temperature than can be attained by the air itself. 


Standard air line filters for distribution lines generally remove particles down to about 
40—50 um in size, or lower in some cases. Finer filters can be used for better protection where 
required, but it is more ud use these for second stage filtering at the take-off point to 
individual supplies. In this respect line filters fall inte four categories, viz: 

(i) ‘Roughing’ filters for distribution mains, capable of removing particles down to 

50 um. 

(ii) ‘Medium’ efficiency filters capable of removing particles in the range 5—40 pm. 

{iti} ‘Fine’ filters capable of removing particles in the size range 1—5 pm. 

(iv) ‘Ultra-fine’ filters capable of removing particles down to 0.1 um or better, 

Fine and ultra-fine filters are normally only used for second and third stage filtering, respect- 
ively, ге should be preceded by a coarser filter to remove coarser contaminants and protect the 
finer filter from gross dirt contamination, Some specific recommendations for the filter rating 
required are given in Table Ill. 


Oil Removal 

When the air is compressed in a lubricated compressor small amounts of oil will inevitably leave 
with the compressed air. Since this oil has been subjected to high temperatures during air com- 
pression it will have been oxidized and will no longer be suitable as a lubricant — hence the neces- 
sity of injecting a separate oil supply into a system that needs lubricant. However, the amount of 
degraded oil leaving a modern lubricated compressor is relatively low and partially separated out in 
the aftercooler anyway. The small residual of degraded oil is normally quite acceptable for general 
industrial systems; or equally can be removed in sufficient quantities by normal air line filters. 
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TABLE [tl — SUGGESTED DEGREE OF CLEANLINESS REQUIRED 
(МЕ Norgren Limited) 


Type of Industrial Process Weter Removal ОИ Removal Pariiculste Matter Removal 
Above um 
Liquid Vapour Агон Vapour 40 10-25 3-5 


Air agitation 

Air bearings 

Air conveying and flotation 
Foodstuffs 
Powders 
Granular products 

Air motors: rotary, reciprocating, 
Linesr (air cylinders) 
Heavy duty 
Light duty 
Miniatura 


Ultra high speed (bove 100 000 
revimin) 


Blow guns, cleaning and cooling nozzles 
Cleaning of electronic equipment 
Cleaning of lood or pharmaceutics! 
containers 
Cleaning of machine parts 
Coo!Ing of glass and plastics 
Cooling of metal: 

Film processing 
Breathing masks and protective clothing 
Fluidics 


Input sensors, logic circuit, output 
devices 


Power circuits 
Food, drink end tobacco processing 
General machinery 

Boot and shoe machines 

Brick, clay and tile machines 

Foundry machines 

Glass machines" 

Laundry and dry cleaning machines" 

Machine tools 

Packaging, paper and printing 

machines* 

Shot blasting plant 

Textile machines” 

Welding machines 
Instrumentation 

Pneumatic gauging equipment 

Precision pressure regulators 

Process control instruments 
Pneumatic circuits and valves 


Directional control, flow control 
presure control vaiver excluding 
precision type 


Spray guns? 


о 


m m x x x m 


о 
х 


m x 


XXxxxxx [mx 


* *X x X x x x 
х С ххх xx 
x «MM KM OM OM 


x 
x 
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х x x x 
mem © мм 
а 
* x 


*Н air comes into contact with product 





Кау: 

C ~ should be considered, E — essentisl; NS — not suitable; X — not normally required 

т Size of particulate matter should not exceed 50% of the thickness of the peim layer in order not to roughen the 
tinish, 
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System of oil feed to Parker ‘Auto-filf’ 
lubricators 


Micro-fog lubricator Oil fog lubricator 
(Norgren) (Norgren) 


Certain systems demand pure, oil-free air, in which case the choice lies between the use of an 
oil-free compressor or further treatment of the delivered air. The former is not necessarily a com- 
plete solution, Oil-free compressors still produce compressed air contaminated with dirt and water 
and it can be more economical to use lubricated compressors, in conjunction with aftercoolers and 
standard air lina filters, and to fit special Ultra High жыны filters to remove oil only from 
those parts of the compressed air system where oil free air is essential. 


i 
The problem of oil removal is complicated by the fact that oil in compressed air can exist in 
three forms — liquid oil, oil/water emulsions and oil vapour. Special filters are required to remove 
oi! vapour and oil aerosol. 


Coalescing Filters 
Modern oil removal filters are of the coalescing type commonly using glass fibre elements. Oil 
particles of varying sizes impinge on and adhere to the fibres, resulting in a gradual build up of 
coalesced droplets. These droplets are driven to the outside of tha filter by the air stream, When 
the oil comes to the outside of the material it is stopped in a porous sock covering the element, 
It then flows by the force of gravity down to the bottom of the sock where it drops to the filter 
bowl. The oil is then automatically drained from the filter. These filters are capable of removing 
the oil content in the compressed air down to a level of 0,1 mg/m? or less. 

In addition to removing oil droplets, such filters have an equally high efficiency in removing 
minute water droplets but they should be protected against gross dirt or water contamination by 
means of standard air line filters mounted upstream. 


The critical oil particle size is 0.1 to 0.5 ит droplets. Some manufacturers state 0.3 итп but the 
figura is slightly dependent on the kind, viscosity, temperature and quantity of the oil particles 
fed to the filter. Filters capable of retaining this size will also retain any other sized droplets. 
Smaller particles will be captured by the fibres due to their Brownian movements and the bigger 
droplets mainly by inertia effect. 
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TABLE IV — TYPICAL SIZING OF COALESCING 
FILTERS FOR OIL REMOVAL 


Nominal Port Size Aw Flow at 6.3 
bar gauge 


150/7 150/8228 dm? /s A.N.R. 


G 1/8 up to 1 
G 1/4 up to 4 
G 3/8 0.25 to 8 
G 1/2 1 to 22 
G 3/4 3 10 35 
G1 5 to 55 
G 1.1/4 7.5 to 80 
G 1.1/2 10 to 100 





Spirax — Monnier coalescing filter 


It is advisable to ensure that these prefilters, fitted in the line ahead of the Ultra High Efficiency 
filter, are capable of removing dirt particles down to 5 um or less as otherwise the coalescing 
filter may quickly become choked with dirt. 

As a matter of principle high efficiency oil filters should also always be installed downstream of 
a dryer, where used, A high concentration of water in liquid form will not only give a higher load 
to the filter; an element saturated with water will even tend to allow easier passage of oil particles. 

As with standard air line filters, the size of the Ultra High Efficiency filter should be selected 
in accordance with the air flow through it — see Table IV. 

Under normal operating conditions the continuous rate of air flow through the filter should not 
be permitted to exceed 75% of the maximum rated capacity of the filter, as excessive continuous 
flow results in excessive air velocity with a risk of reintroducing oil into the air stream. 

Coalescing filters must be Ultra High Efficiency filters to accomplish their purpose and 
although standard filter tests exist there is no accepted standard laid down to establish the 
efficiency of a coalescing filter in removing oil. 


Removal of Oil Vapour 


For most processes the removal of oil vapour is unnecessary since, unlike water vapour, oil vapour 
exists only in minute quantities and is not objectionable except in those circumstances where its 
odour is unacceptable. 


For certain processes in the food, pharmaceutical and beverage industries, or where air is being 
used to supply breathing masks, it is strictly necessary to remove oil vapours. This is most 
commonly done by passing the air through an adsorbing bed, usually of activated carbon, although 
other materials can be used. 

Combination filters incorporating both coalescing elements and adsorbent beds are available to 
supply Ultra Clean Air which will satisfy the requirements of BS4275 for breathing quality air as 
far as freedom from oil is concerned, but special filter units are required to remove carbon monox- 
ide or carbon dioxide and odours. 
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Dry Compressed Air 
Removal of water from the compressed air to a level where no new condensation can be formed in 
the compressed air system (/e the dew point is made lower than ambient temperatures) can be an 
advantage in any industry, and in some can Be an essential feature, Examples of the advantages of 
‘dry’ compressed air:- 
(i) Supply to air tools making it possible to lubricate them more efficiently. 
(ii) The lubrication of all pneumatic components is improved when dry compressed 
air is used, and servicing intervals are increased. 
(iii} The use of dry compressed air in spray painting equipment eliminates any risk of 
damage to the paint finish from water droplets, 
liv) n blast cleaning units the reliability of the equipment is improved and risks of 
icing under outdoor conditions ara eliminated when using dry air. 
(v) |n a dry compressed air system there is no corrosion, which can lead to loss of 
pressure and leaks; there is also no need for draining off the condensed water. 


Air drying is also desirable in conditions of high ambient temperatures and local humidity, such 
as laundries, etc, where it may otherwise ba difficult to secure sufficiently low compressed air 
temperatures to provide ideal conditions for air line filters. 


Different degrees of dryness (dew points) are required, depending on the use of the compressed 
air, the ambient temperatures and humidity. Different types of air dryers with varying dew point 
performances are therefore available. 

Refrigeration dryers use the simplest drying method; the air passes through an aftercooler but 
the coolant is maintained at a much lower and constant temperature. The coolant is produced by a 
closed refrigeration circuit (incorporating compressor, candenser, etc) adjusted to cool down the 
air to a temperature just above O^ C. The limitation for these dryers is the freezing point of water. 

Cooling is done in two steps, first in a precooler (cooling with the cold air leaving the dryer) 
and then in the main cooler (cooling with coolant). All water condensed in these coolers is 
separated and removed from the air. The lowest obtainable dew point with a refrigeration dryer is 
approximately +2°C. This dryness is quite adequate for г ost common uses of compressed air. In 
fact, by drying air to a dew point which is пура е 10 degC below the lowest possible 
prevailing ambient temperature in the air system, all risks of getting condensate have usually been 
eliminated, | 

Lower dew points are required when the,compressed air can be cooled to temperatures below 
0"с, ей in compressed air pipes autdoors in winter time. Certain processes, pneumatic instruments 
etc often require dew points below О С. For such applications adsorption dryers should be used, 
With these dryers, dew points down to — 40°C can be obtained. 

The adsorption dryer consists of two drying columns filled with desiccant: the compressed air 
passes through one column where the desiccant adsorbs the water vapour in the air, and this pro- 
cess continues until the desiccant is saturatad with water vapour. The air flow is then automat- 
ically switched to the second column (with active desiccant) whilst the first column is regenerated 
and the water removed from the desiccant. Different methods are used to regenerate the desiccant 
{choice normally being determined by a balance between investment and running costs). 


ђ | 
In the heat regenerated adsorption dryer the water vapour is removed by heating the desi 
e de 
The released water vapour is then taken away from the di : PT 


type of heat regenerated dryer the heat i 
at 
around the columns, The released is generated b 
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Norgren filter, regulator, lubricator. 


Spirax — Monnier lubricator 


Spirax — Monnier compressed 
air filter 


air (approximately 1.596). Large heat regenerated adsorption dryers are regenerated with ambient 
air sucked in by a blower, This air has been heated up by an external heater before entering the 
desiccant bed. 

The heat regenerated type of adsorption dryer is most suitable for medium to large compressed 
air installations, For small air flows the so called heatless dryer, which is regenerated with cold air, 
is more suitable, 

The technique of expanding a part of the dried compressed air gives a very dry regenerating air 
which can remove the adsorbed water from the desiccant. This type of adsorption dryer is of a 
very simple construction since no heater is required. The amount of compressed air used for re- 
generation (approximately 15%) limits their use to small rates of consumption. 

The sorption dryer is based on a new drying method for compressed air and is so far only 
employed in a range of dryers specially designed for use together with oil-free screw compressors. 
The drying is achieved by passing the wet air through a drying material impregnated with a hygro- 
scopic salt. 

The drying material is folded into a honeycomb pattern and shaped into the form of a rotor. 

Drying takes place by two simultaneous processes: 

(i) Adsorption of moisture to the surface of the drying material. 

(ii) Absorption of moisture by the hygroscopic salt. 

The combination of these two processes is termed sorption. The rotor slowly turns, passing 
through two separate sections, In three quarters of the rotor section the air is dried and in the 
remaining section it is regenerated by hot compressed air, As this air has a very low relative 
humidity, no additional heating is required; therefore, the only power requirement is the small 
amount of electricity needed to drive the rotor and the control circuit lapproximately 0,06 kW). 
All air used for regeneration is recycled back to the main stream of compressed air. 

The dew point after passing through this type of dryer is approximately 50 degC below the 
temperature of the compressed air entering the dryer. 
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Fig4 PAL LÊ small flow heatless dryer. 
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Heatless Dryers 
An example of a small flow heatless dryer is shown in Fig 4. Wet incoming gas passes through the 
reversa Ultipor coalescing filter (A) which removes all liquid contaminants so that the desiccant 
dryer can operate at maximum efficiency and can perform the function of removing vapour only. 
Water vapour cannot be removed with a coalescing filter, 

The gas, saturated with ud vapour, then passes through the switching valve (B) and is 
directed downwards through chamber (1) where it passes through the activated alumina desiccant. 
Gas drying takes place by adsorption which occurs when the moisture level in the gas stream is 
greater than the moisture level of the desiccant. These moisture levels come into equilibrum and, 
as a result, water vapour in the gas stream condenses as a film on the desiccant. Adsorption is an 
exothermic (heat releasing) process and, as drying takes place, heat is released and stored in the 
desiccant bed for use when regeneration is taking place. 

Dry gas from chamber (1) then passes through the check valve assembly (E) and the particulate 
filter (С), which ensures that na particle larger than 0.9 um passes downstream to the application. 
tion. 

While gas is being dried in chamber (1) the desiccant in chamber (2), which has been wetted in 
the previous cycle, is being simultaneously regenerated. At the start of its regeneration, chamber 
(2) is depressurized from the operating pressure in an upward flow direction through valve (C) and 
(D), and the gas goes out through|the purge exhaust. А portion of the dry gas from chamber (1) 
passes through an orifice assembly (F) and upwards through the chamber being regenerated, This 
dry purge, with the aid of the heat of adsorption generated during the previous drying period, 
removes the moisture from the desiccant. The purge carries this moisture through the valve (C) 
and (D) and out through the purge exhaust. The generation purge flow is countercurrent ta the 
direction of drying for efficient desiccant regeneration, 

When the regeneration cycle is complete, the chamber being regenerated is repressurized to full 
operating pressure by closing the purge exhaust valve (D). Purge gas continues to flow into the 
chamber until the pressure rises to system pressure. Repressurization before switchover ensures 
that the desiccant will not be 'jolted' by the inrushing downward gas flow and thus prevent 
desiccant attention (dusting). 

When chamber (2) is fully repressurized the inlet gas is then switched over to chamber (2) 
through valve (C) for drying. This type of dryer is also capable of removing carbon dioxide from 
compressed air to a very low level. 
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A further system is shown in Fig 5, specifically designed to control the drying period on larger 
heat-activated dryers so that the full drying capacity of the desiccant is used, Extending the 
designed drying period saves energy and consequent operating costs since there are fewer regenera- 
tion periods. 


During regeneration this system also ensures that only the correct amount of energy necessary 
to desorb all the water vapour that has been adsorbed during the drying period is used. The 
amount of energy required for regeneration is directly proportional to the quantity of water 
vapour adsorbed by the desiccant during a drying period; there is, therefore, no wastage. 

This system controls two functions in gas drying operation: (i) drying time; (2) regeneration. 
The system consists of a probe placed in the desiccant bed near the outlet to sample the air passing 
through the drying chambers (see Fig 5A left chamber), a moisture-sensitive cell, and a solid-state 
circuit. 

Air passes through the probe in the desiccant bed to a moisture-sensing cell that has a high 
electrical resistance value when dry and a lower value in the presence of moisture, When wet air 
from the drying chamber passes over the cell, the Amloc circuit senses this lower resistance value 
and switches the air-stream to the other chamber to continue drying. 

The control switches drying chambers only when moisture in the air to the probe is detected, 
thereby using the full adsorption capacity of the desiccant. 


The second function of the system is to control regeneration. (See Fig 5B, right chamber). 
During regeneration, air is heated and passed into the wet desiccant bed to carry the moisture out 
of the chamber to the atmosphere or to a condenser where the moisture is drained away, thus re- 
generating the desiccant for the next drying period. The chamber is dry {regenerated} when the 
temperature of the heated purge exhaust air reaches a predetermined value, A temperature switch 
is placed In the dryer chamber to sense the temperature of the heated purge-exhaust stream leaving 
the regenerating chamber, This switch senses this temperature and shuts off the heater(s) (Fig 5С, 
right chamber), terminating the heating portion of the regeneration cycle. 

At this point, the cycle is complete: the system shuts off the purge air supply and the chamber 
remains on stand-by until the system senses wet air in the drying chamber and signals that switch- 
over is required (see Fig5D, left chamber). The dryer then switches over. The wet chamber 
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Fig5 PALL E large flow heatless dryer system (diagrammatic) {eontd.} 


immediately progresses through regeneration as previously described. (See Fig БЕ). The cycle 
repeats as necessary. 


Self-Checking Feature 

The system checks its own performance (see Fig BF) during operation, Periodically, wet iniet air is 
passed over the moisture-sensitive cell and the solid state circuit measures the electrical resistance 
change in the cell, With the system operating correctly it continues to control the dryer. If a mal- 
function should occur in the system, dryer operation will be automatically placed in a fixed cycle 
and a warning light will alert the user, The moisture-sensing cell can be changed at customer con- 
venience. In any event, dry air continues to pass downstream. 


Bacteria Removal 

Certain processes using compressed air require the air to be free from bacteria and other micro- 
organisms, fe they require sterile air. Such micro-organisms inducted by the compressor are not 
killed hy the heat of compression, so remain in compressed air and can pass through conventional 
filters. It is, however, possible to trap tham in special air sterilization filters using borosilicate 
microfilm media; or kill them by sterilization under heat, The former method, which is pure 
filtration, is sometimes known as cold-sterilization. 
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Installation Recommendations 


The diagrams and information shown are intended as a general quide. Readers are recommended to 
obtain specific advice on each installation being contemplated. 


1. NORMAL RING MAIN PROTECTION 1. Oil lubricated scraw compressor with 
rum built-in aftercooler, 
1 
“~ 7 І 
T A RP 6. Twin tower desiccant dryer, 
2 lo Jat ] tocriticsl 7. Combined  liltsr/heater. Combats 
E s process condensation in instrumentation fines, 






е , 2. Grade А or PF line filter, 
= to instrumentation | Э, Grads AA line filter. 
puritied а. Grade АС achorption filter for 


~ alr extremely critical procets applica- 
Er. 

A i tions. 

Jay A S, Relrigeration dryer. 





to 
critical process 
or instrumentation 


2. STRAIGHT FORWARD ALTERNATIVE 
TO NON-LUBRICATED COMPRESSOR 

* critical processes only 

vien Noret} 






19 
— іпигитепїатоа 


to critical 
process or 
, inatrumentation 





purified 


р, = 


3. REDUCED DEW POINT SYSTEM 


* critical processes only 
oe] lieo Notes) 






4. EXTREMELY LOW DEW POINT SYSTEM * critical processes only 


к] {see Notes) 


ДР Я 


In piston compressor installations it is normal to fit а receiver immediately downstream of the aftercooler, 


In rotary vane and piston compressor installations the use of an efficient aftercooler sited immediately down- 
stream of the compressor is essential. 


In systems 1 and 2 grades АА and AC filters are added as terminal filter/separators to remove water and oil- 
vapour which may have condenser due to a fall in temperature of the compressed air as it passes through the 
ring main, The filter/heater is shown as a less expensive, low maintenance alternative to a refrigeration or adsorp- 
tion instrument air dryer. 

In systems 2, 3 and 4, a grade AC main line filter should be installed only when large volumes of process air 
are required for a critical process. Wherever possible grade AC should be used as terminal filters. 

In system 4 shown above a grade А filter is used to trap desiccant dust introduced into the air stream by the 
dryer. 

It is important that all terminal filters are installed as close as possible to the process or plant using the purified 
air. 

Untreated mild steel pipe work is not recommended for ring mains, Rust and pipe scale can break free from the 
inside of untreated pipes and reduce the service life of filter elements. 
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Air Line Fittings 


FOR AIR mains larger than 65 mm (2% in) bore welded fittings are preferred although cast iron 
pipes with integral flanges or steel pipes with welded-on flanges may be used. Smaller mains in 
steel pipes are normally screwed to proprietary malleable iron tube fittings, to BS143 and BS1256. 
ABS pipe is an alternative material for air mains. This material is not suitable for threading. Match- 
ing fittings in ABS are available| covering a range of sizes from 16 mm (5/8 in) to 110 mm 
(4.3/8 іп) nominal o.d., joints being completed by solvent welding. ABS pipes may be jointed to 
metallic components using adaptors or composite unions together with jointing compounds where 
necessary, 


Screwed connections are AE restricted to metallic tubes of larger diameter and thicker 
walled sections. Taper threads (eg| BSP taper or API taper) are usually preferred. The best seal is 
given by having the taper on the male rather than the female part of the joint. These can assemble 
with either taper or parallel inter jal (female) threads. Parallel external (male) threads are less suit- 
able for tight joints, except in "longscrew' form. Longscrew threads, used for joints, incorporate a 
soft material which is campressed| onto the surface of the external thread by tightening a backnut 
against a socket. 

Solderless connections are widely favoured for pipe sizes up to 19 mm (% in) diameter. The 
simple olive joint is effective (Fig| 1) provided the tube projects well through the olive, Tightening 


Fig 2 Tube coupling with resilient | 


in union nut. 
(Ота ту. 






Fig ! Metal compression couplings with 
conventional olive fleft) and bicone 
olive (right) 

(Drallim). 
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the nut then produces а tight compressive lock without deforming the tube wall, this being par- 
ticularly suited to rigid tubing. Another type of proprietary coupling is shown in Fig 2 which 
employs a resilient seal. 

Various other types of compression fitting are used. Where the tube material is ductile, a collet 
may be used, tightened up by a nut, to produce an annular deformation of the tube wall to lock 
the tube within the coupling. The same type of fitting can be used with nylon and plastic tubes, 
only in this case, support for the inner wall may be provided by an additional inner sleeve — Fig 3. 


@ але --- — В ш 7 | 


Fig 3 Stages of assembly of metal compression coupling used 
with plastic tube. 
(Огашт). 


Nylon tube and PVC hose are now widely used for branch and service lines up to about 
12.5 mm (% in) diameter, and less frequently in larger sizes (up to 25 mm (1 in) in diameter). In 
addition to permament installations, traditionally piped in metallic tubing, nylon or PVC tubing 
are particularly suitable for connecting lines where slight movement may be experienced. 

Apart from their lower cost and ease of manipulation, nylan and PVC tubing have other advan- 
tages over metallic tubing, particularly the absence of fatigue and freedom from corrosion. They 
are, however, more limited in their service temperature range, and are not suitabie for pressure 
rating at temperatures in excess of 90—1 00°С. The actual softening point of nylon is of the order 
of 140—150°C with an internal pressure of 60—70 Ib/in? (4.2—5 bar), reducing to circa 50°C with 
an internal pressure of the order of 250 Ib/in^ (17.5 баг). 

Compression couplings in brass are the usual choice for nylon and PVC tubes, being non- 
corrosive, Threads are normally BSP. Hose connectors and screw couplings for heavier duty are 
normally made in hardened steel. This also enables the wall thickness to be reduced, maintaining 
a full flow area with minimum pressure drop. 

Connectors normally consist of a hose jointing nipple with the hoses secured in place with 
clamps or clips: or screw connectors with a cap nut and adaptor matching the taper of the hose 
nipple. 

A variety of quick-release couplings are also produced. These are widely used where, for 
example, one air 100] has to be changed for another at a single take-off point. 

Various designs of 'instant' couplers have also been produced for use with nylon tubes. The 
simplest is a barbed fitting over which the tube is pushed, the barbs restraining the tube against 
outward movement, Other types employ various forms of locking to hold the tube secure once 
pushed in place, Nylon tube can only be removed from a barbed coupling by cutting. With other 
'instant' fittings, however, it may be possible to remove and replace the tube many times over, if 
required. 
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Fig 4 ball float type compressed air drain 
traps. 
(Spirax Sarco). 


Main Line Traps 

Separators may be fitted in distribution mains for removal of suspended water droplets, preferably 
associated with an automatic drain. A ball float trap is commonly preferred because of its positive 
shut-off in the absence of water and positive lift when the trap is filled with water — Fig 4. 

Separators may also incorporate filter elaments designed to remove salid contaminants and/or 
oil droplets. Units of this type are more properly called filter/separators. 

Various types of automatic drain valves have been produced which automatically release water 
collected from the air line when filled, А ball float type valve is commonly used since this main- 
tains a positive shut-off, opening only when enough water has collected to lift the float, and 
closing again immediately the water has been ejected, The other main type is of ‘aerodynamic’ 
design which blasts open to eject the contents of the trap when a specific quantity of water has 
collected. The main difference between the working of the two types is that the float valve type 
produces a continual discharge, and the blast type a heavier discharge at intervals, 

Two limitations may apply to mechanical drains (or traps) — the possibility of becoming ‘air 
locked’, and limited ability to {апше water contaminated with oil. The former condition may be 
countered by fitting a pressure balance pipe. Where oil contamination results in a build up of 
emulsion which makes the automatic drain sluggish in operation (or even inhibits satisfactory 
operation), more frequent cleaning is necessary, or a modified form of valve should be used, 
capable of handling heavy contamination, 

.Some types of mechanical traps may also be susceptible to blocking or jamming open in the 
presence of scale or larger solid contaminants, although many are designed to have self-cleaning 
actions, 

See also chapter on Compressed Air Treatment. 
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Valves 





PNEUMATIC VALVES are generally divided into three main categories defined by function, viz: 
(i) Directional control valves. 
(ii) Flow control valves. 
(iii) Pressure control valves. 


In addition there are a number of specialized valve types which do not fall into these general 
categories, including valves employed as ‘logic’ elements. (See chapter on Logic Circuits). 


Directional Control Valves 
Directional control valves are categorized by the number of port openings or ‘ways’, eg 

2-port (2-way) valve either opens or closes a flow path in a single line; 

3-port (3-way) valve either opens or closes alternative flow paths between one or other 

of two ports and a third port. 

Other basic configurations are 4-port (4-way) and 5-port (5b-way). 

Such valves can also be described by number of positions provided; and also whether the outlet 
is open or closed in the non-operated position, /e normally open or normally closed, respectively. 
Description may also be simplified by giving number of ports and positions as figures separated by 
a stroke — eg a 4/2 valve is a 4-port, two-position valve. 

Fig 1, for example, shows a 3-way, two-position directional control valve in simplified diagram- 
matic form. 

The 3-way, two-position valve is thus a logical choice for a single-acting cylinder circuit control 
or for any other single circuit where downstream air has to be exhausted. It is not necessarily a 
complete answer to such circuits and there are cases where the use of two 2-way, two-position 
(straightway} valves may be preferred. 


normally closed normally open Fig2 
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Increasing the number of ports, and if necessary the number of positions, extends the switching 
capability of a valve, Thus, the 4-way, two-position valve of Fig 2 has two through-connections. In 
one position P is connected to А, and B can exhaust downstream air through E. In the second 
position Р is connected to B, and А can exhaust downstream air through E. Thus a 4-way, two- 
position valve can be used to operate a double-acting cylinder or any other device requiring 
alternate pressure and exhaust on two connecting lines. 


Whilst this is a logical control valve choice for a double-acting cylinder, again there are instances 
where the use of two 3-way, two-position valves may be preferred, eg for close coupling or mount- 
ing the valves directly on the cylinder ports. 


The 5-way, two-position valve|of Fig 3 is similar to the four-way valve, except for the provision 
of an additional exhaust port. Thus, when either А or B is switched to exhaust, it operates through 
a separate exhaust. This can have Io advantages in E applications. 


ifj UF RISK 


PE CENTRE 
Fig 4 
Fig3 
The other directional valve is the 4-way, three-position valve, which can have three possible 
modes — Fig 4, In the first (left) the function is similar t0a 4-way, two-position valve except that 
an additional position is available with all ports blocked, de no flow is possible through the valve 
in either direction. This is usually the normal position. А typical application is the control of a 
double-acting cylinder in which ‘hold’ facility is а available, /е pressurized air can be trapped on 
both sides of the piston. 
In the second mode (centre), conventional 4-way switching i is available from the two extreme 
positions, but the mid position shuts off the supply and connects both downstream lines to 
exhaust through the valve. Again ithis type of control is used with double- -acting cylinders where it 
is required to ‘free’ the piston by ds iaustina air from both sides of the piston. 





in the third mode (right), normal switching is available from the two extreme positions but the 
centre position provides pressurized air to both downstream lines, with the exhaust closed. This 
provides an alternative hold facility for double-acting cylinders with both sides of the cylinder 
continuously pressurized, This wijl not, of course, give true ‘hold’ on a single-rod cylinder, unless 
the pressure is dropped in the line|to the blank end side of the piston to compensate for the loss of 
effective piston area on the rod side. 


Standard Valva Symbols 


Symbols used for designating valves on pneumatic circuits are conventionally in the form of 
adjacent squares, each square representing one position of the valve, Thus a two-position valve 
would have two adjoining squares and a three-position valve three adjoining squares. Interior 
connections between points in each position are than indicated by an arrow or arrows within the 
appropriate square, together with some indication of unconnected points. 

Standard valve symbols adopted through Elirope are shown in Fig Б. Additional symbols may 
also be appended to show the method of actuation — Fig 6. (See also Data Section for further 
symbols). 
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PIPING & PIPELINES 


IST EDITK ION 
OVER 500 PAGES, HAND BOUND, HARD 
CASE COVER, GOLD BLOCKED, 2,000 
ILLUSTRATIONS. 


A brand naw referenca work, now in compilation, to be published 
вану 1882. Contents include:- Section 1 — Introductory:- Piping 
services, General summary and clasification of volves, Valve nomen- 
clature. Section 2 — Types of Valves: Stop valves, Plug valves, Cocks, 
Gate valves, Slide valves, Ball valves, Butterfly valves, Globe valves, 
Rotary valves, Diaphragm valves, Penstocks, Pinch valvas, Safety 
valvas, Relief valves, Section 3 — Valves — Design and Construction:- 

Cocks, Plug valves, Sorswdown valves, Gate valves, Gate valves and 
Globe valves, Butterfly valves, Slide valves, Piston valves, Ball valves, 
Non-return valves, High pressure valves, Designs for high and low 
temperatures. Section 4 — Valve Actuators:- Manual, Sarvo operated, 
Automatic control, Automated control, Semtautomatic control. 
Section 5 — Performance: Fluid flow through pipes, Pipe flow caleu- 
lations: (i) Fluid transport (1) Frictional losses 1) Pressure drop, 
Steam flow calculations, Valve sizing, Cavitation end erosion, Com- 
pressibla ges flow in pipes, Leak Datection, Flow of mixtures in pipes, 
Seismic Analysis, Flow through valves, Piping networks, Noise Control, 
Section & — Pipelinss:- Types, sizes! and applications of pipelines, 
Pipe joints and couplings, Troubleshonting and maintenanca, Flexible 
pipes and hoses, Cathodic protection, Corrosion and corrosion treat- 
ment. Section 7 — Services (Valves]:- General purpose valves, Pressure 
гене? valves, Regulating valves, Sampling valves, Mixing valves, Traps, 
Foot valves, Level contro! valves, Blowdown valves, Tamperaturs 
regulating valves, Throttle valves, Pressure regulating valves, Turbine 
valves, Automatic control valves, Heated (jacketed) valves, Cryogenic 
valves, Section B — Services {Pipetines):- Oil pipelines, Water pipelines, 
Irrigation and drainage, Small bore piping, Gas pipelines, Heating ser- 
vices, Domestic services, High temperatura services, Low temperature 
services. Special services, Piping end valve design Тог Nuclear Power 
Plants, Section 9 — Materials:- Materials for pipes, Materials for valves, 
Materials and fluid compatibility, Seals and packings. Section 10 — 
Guides and Standards:- Valve selection guides, Valve and pipework 
symbols, National end International айта standards, Pipe standards, 
Pipe threeds, Codes of Practice. Section 11 — Data:- Tables, Romo- 
grams, Charts, Formulae, Section 12 — Buyers’ Guide... . 
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VALVES 
2 4 2 
; 4/2 Spring return Ai i Electrica! 
valve ir actuation ectrica 
1 2/2 valve 1 actuation 
| [7 М Ес 
5/2 valve Hand lever Knob Pedal 
3 3/2 valve 5d 
1 1 Fig 6 
Fig5 


In addition main ports may also be identified by numbers, viz:- 


1 = Normal inlet, /e main supply port. 

2 = Normal outlet port on 3/2 and 3/3 valves. 

2 & 4 Normal outlet ports on 5/2 and 5/3 valves. 

3 Normal exhaust port on 3/2 and 3/3 valves. 

3 & 5 Normal exhaust ports on 5/2 and 5/3 valves, 

Port 1 is the main supply port, other odd numbers denote exhaust ports, and even numbers 
outlet ports. Port 3 is always internally connected to port 2 when the valve is in one position. In 
the reverse position on a 5 port valve port 5 is always connected to port 4. 

Pilot control ports are identified as follows: 

#10", "12", and '14'. 

Note: Although this numbering is standardized it is not always used. Arbitrary numbering may 

be used for simplification or convenience in general descriptions. 


Valve Sizes 

Valve sizes are normally designated by the size of the port tappings. This offers a specific match 
between pipe size and valve — eg a М in valve would have ports tapped to take М in bore pipe 
tapped externally with BSP or NTP thread. The range of sizes most commonly covered is from 
3 mm to 25 mm (1/8 in to 1 in) although main line valves are produced in larger sizes. 
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Fig 7 ISO Sub-base patterns. 





Sub-base valve and sub-base. 
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Valve Configurations 


The majority of valves used in the UK are of in-line configuration, /e designed for direct connec- 
tion of inlet, outlet and exhaust lines, Continental Europe and America favour the use of sub-base 
valves, ѓе with valve bodies in block form for mounting on a common baseplate or manifold. All 
lines are connected to the base. 

With sub-base or manifold mounting the valve body normally has no tapped pipe connections, 
АП internal ports are brought to the base of the valve and connection is completed by mounting 
on а matching sub-base or manifold carrying corresponding ports. Joints in such cases are normally 
sealed with gaskets or O-rings. 


Sub-base mounts are designed to accommodate individual valves. Manifolds are designed to 
accommodate a number of valves on a common mount. 













Connection on the side For manifold mounting Connection underneath Endplate 
CETOP 

Connection on the side For manifold mounting Connection underneath Endplate 
(DIN) 


ce 





Endplate For manifold mounting 


момо) 





Connection on the side Far manifold mounting Connection underneath Endplate for manifold 





FESTO (proprietary) 


Fig 8 Examples of other sub-base patterns, 
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TABLE | — FLOW CAPACITIES COVERED BY ISO SUB-BASE SIZES 


iiam essai ies bici c на. 
inc 


0.5— 1.0 400— 1000 
1.0- 2.0 1000— 2000 


2.0— 4.0 2000-- 4 000 
4.0— 7.0 4 000— 7 000 
7.0-12.0 7 000—12 000 
12.0--17.0 12 000—18 000 





"Cy = 1126, 


Port configurations are standardized {ie to ISO specification in Europe], thus valves of different 
manufacture can readily replace ISO valves by another manufacturer on the same base, and vice 
versa. It does not follow, however, that the actual overall dimensions of the valve or base will be 
identical under this standard — only the matching port configuration — see Fig 7. 


Other standards for sub-base patterns exist — eg DIN, CETOP, (NOMO, etc) — as well as 
individual proprietary designs and may be found on existing valves — see Fig 8. They are not inter- 
changeable with ISO or with each other. A particular feature of the ISO pattern is the dimension- 
ing of slots to allow for approximately 5096 more flow than the corresponding pipe size so that the 
flow resistance in the sub-base can be ignored compared to the flow resistance in the valve itself 
(see also Table 1). 


Valve Types 
Valve types are categorized by principle of operation, the main types being poppet, sliding piston 
with O-ring seals, shaped spool with static seals, glandless spool, sliding plate and rotating disc. 


Poppet Valves 

Poppet valves require minimum movements to achieve full opening, offer low resistance to flow 
when in the open position and have good sealing properties when closed. They can also be made 
to seal adequately for long periods. They do require relatively large operating forces, however. 

A simple poppet valve, designed for a pressure of 10.5 bar (150 Ib/in? ) may require an opening 
force as large as 10 kgf (22 lbf) because of its unbalance. On the other hand, the fact that full 
opening is achieved with only small travel gives rapid full flow response to signal, which can be of 
particular advantage in high speed applications and for pilot circuits. 

A limitatian of poppet valves is restricted switching ability. The basic poppet valve is capable 
only of on-off switching function. To perform a 3-way or 4-way function, a combination of 
poppet valves is needed. Other types of valves are thus normally used for such duties. 


Spool Valves 

Spool valves are attractive because they offer extreme flexibility in interconnection via a simple 
sliding mechanism, They are also relatively simple and economic to manufacture, although for 
adequate sealing fine surface finish is required on both the spool and barrel bore, with close toler- 
ances to ensure practical minimum clearances. Glandless spool valves thus normally require a 
lapped fit between spool and body. Spool valves with static seals offer simpler construction in 
this respect and also rather more flexibility in design with seals positioned between valve spacers 
so that a seal is situated between each subsequent port and one seal on the outside of each of the 
two outer ports — see Fig 9. 
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3-way valve А-мау valve 
Fig 9 








Examples of a solenoid-operated spool 
valve with elastomeric static seals, 


Spool valves embody two basic elements, a cylindrical barrel in which slides a plunger. Port 
blocking is provided by lands or б diameter sections on the spool with intervening waist sections 
which provide port interconnectión through the barrel. This makes it easy to provide multi-way 
and multi-position switching. 


A possible limitation of glandless spool valves is that in certain applications and particularly 
with larger spool valves, the precision bore and fit may be distorted by externally applied loads. 
On the other hand, spool valves with static seals also have some limitations. A disadvantage in this 
case is that the sealing rings must slide over the ports where they may be subject to cutting action 
or distortion. Variations, primarily again in the case of air valves, include the use of 'U' seals, 
bushed bodies and ports drilled with a number of fine holes where sealing rings pass, and a linered 
construction with a liner floated on simple seal rings. All are aimed at reducing the possibility of 
damage or distortion of the sealing rings sliding over port openings. 


Slide Valves 


Slide valves offer an alternative approach equivalent in effect to an unwrapped spool. Ports are 
normally drilled in the fixed slide and matching recesses in the sliding member. The two members 
are then lapped to fit and held in contact by spring loading. Various methods may be used to 
reduce friction forces. Thus, in some valves, the sliding member is suspended on spring plates to 
prevent metallic contact. In other|cases, friction forces are reduced by incorporating hydrostatic 
pressure balance within the valve! The principal limitation of slide valves is that they demand 
extreme precision of manufacture in order to realize leakage rates comparable with those of other 
valve types. Slide valves are also sometimes known as plate valves or sliding plate valves, 








VALVES 187 





SELF CENTRING 
PRESSURE RELEASE IN NEUTRAL POSITION 





Semi-rotary valve. 
(105) 





SELF CENTRING , 
PRESSURE HELD IN NEUTRAL POSITION 
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Rotary Plate Valves 


Rotary valves are another form of plate valve or sliding valve with the moving element rotating 
over a fixed plate to open or block ports drilled in that plate. Channels cut in the rotary plate can 
provide transverse flow. Reaction-forced compensation can be introduced by the use of deflector 
veins to reduce friction. However, all sliding plate valves, je slide valves and rotary valves, are 
basically restricted to two-, three-, or four-way operation. Hotary valves have the particular advan- 
tage that they are readily adapted to multi-outlet working. For this reason they are often favoured 
as sequence valves in pneumatic circuits, Spool and plate valves are also commonly used in com- 
bination in two-stage valves. Two-stage valves are intended to overcome the practical limitations of 
power response imposed by single-stage operation. A two-stage valve merely employs one valve as a 
first stage and another at the second stage, normally combined in one body or unit. 

An example of a particularly versatile form of rotary valve is shown in Fig 10. Basically this con- 
sists of a square or hexagonal section body with four or six peripheral ports communicating with a 
central chamber. Ап operating spindle passes through this chamber, operating spring-loaded 
poppets in individual ports by cam action. A number of valves of this type may be ganged to form 
a multibank valve. 
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Fig 10 Drallim rotary switch valve. 
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6-position 





Shuttle Valves 


The shuttle valve is an ‘automatic’ type of directional control valve with three-way, two-position 
characteristics. This is based on a simple three-port body with a moving element in the form of 
the free spool or shuttle, or a ball — Fig 11. A shuttle valve gives an outlet from either one of two 
pressurized inlets (whichever is the greater value) ге the higher pressure inlet moves the shuttle to 
a position where it blocks the other inlet. It is thus more af a special valve than a true directional 
control valve and is basically used for logic OR switching. 


УУ УЕ fff 4 





{Air Automation). 
е valve allowing енћег one or two pressures 
to be applied to a single outlet without mutual interference. 
(CompAir Махат}, 


Fig {A} Shuttle valve with E element, 


(B) Shutt. 


Fiow Control Valves 


Flow control valves are essentially throttling devices, Their geometry can range from that of a 
fixed orifice to adjustable needle valves or shaped grooves, etc, capable of providing progressive 
throttling. Their basic action may also be combined with a second function such as non-return. 











Drallim Award to Industry 


"Yes, it's true! We award the success of our famous DRALLIM 
Switch valve to thousands of customers who, by their 
application of our invention over many years to their individual 
switching problems, not only with air, but with liquids and gases 
as well, gave us the lead throughout the world with a SINGLE 
VALVE, with so many different configurations that it replaces 
the out-dated use of multi-valve conglomerates. 


An Award deserves a Reward! 


Let us improve your efficiency by 
supplying you with other valves 
from the same stable — Control 
Valves — Toggle Valves — 
Miniature Valves — in-line "Plan- 
o-line" Valves — all designed to 
be activated in the way you want, 
Better still, let us know your 
problems and we will provide a 
DRALLIM packaged solution but 
for your specific needs." 





DRALLIM CONTROLS LTD. 

BRETT DRIVE, BEXHILL-ON-SEA, 

SUSSEX TN40 2JR, ENGLAND 

TELEPHONE BEXHILL (0424) 216611. TELEX 95285. 
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COMPETITIVE PRICES 


THE SMALLEST HIGH PERFORMANCE, SOLENOID VALVE 







A COMPLETE RANGE OF 
VARIOUS TYPES OF CONNECTIONS 
ALL USUAL VOLTAGES 


INSTALLATION WIDTH 0,59" 
1,41 oz. 


PATENT PENDING: [| 
= aH ~ === - 
oF 0,5 ro 2,5 waTTS 


or 15 BARS 


A LOW CONSUMPTION |! 
BUT A BIG SHOT !! 


PLUID AUTOMATION ВУБТЕМВ B.A, 124, route de l'Etraz Tal: 55 26 91 and 


65 14 93 
WE OPEN THE WAY TO PROGRESS CH 1250 VERE акб 23 194 
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AUSTRIA - BENELUX · DENMARK - FRANCE - FINLAND - GREAT-BRITAIN - GERMANY - HONG-KONG - ITALY - JAPAN - NORWAY - SWEDEN · SINGAPORE. 


The air valve people- worldwide | 


. Matched spool Us sleeve assembly 
* Multi-million cycle reliability 

• Мо moving 'O' rings 

• Air bearing floating action 

eDry or Lubricated service 

e Vacuum to 300 PSIG 

ePorts M5 to 1% BSP 

* All methods of operation available 
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The ultimate aír valve. 
Ask us to prove it — 


numarits 


PO BOX 18, LEIGHTON BUZZARD, BEDS. LU7 7DJ. 
Telephone: 0526 370735. Telex: 826978 PNUMAT С. 
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Check valves, or non-return valves, are designed to provide unrestricted flow in one direction 
when pressurized, but close to ensure positive sealing in the absence of pressure. The common 
form is a suitably mounted spring loaded plunger housed in a cylindircal body seating on an 
internal annulus to provide a one-way seal, readily lifted off its seat by pressure on the face of the 
piston, The plunger end is usually fitted with an O-ring to provide the actual sealing surface. The 
main requirement (apart from positive sealing in the one-way direction) is that the annulus and 
piston should offer minimum resistance to airflow in the open position. 


Exhaust Port Flow Regulators 


Fig 12 shows a needle exhaust port flow regulator. This type of valve is for use in conjunction 
with a 5-port fully balanced spool valve for cylinder speed control, The setting of the needle 
regulates the rate of flow of air, to exhaust, through the control valve, thus regulating the speed of 
movement of the cylinder. A flow regulator is required in either of the two normal exhaust ports 
of a 5-port valve to control the speed of movement of the cylinder in both directions. 


i — Regulating handie. 

2 — Pressure spring. 

3 — Rubber diaphragm. 

4 — High pressure inlet. 

5 — Aeduced pressure outlet, 
6 — Valve return spring. 


7 — Push rod. 
4 — Synthetic valve washer in metal 
holder. 
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Fig 13 Reducing valve for pressures up to 
RO ess ] 


7 bar (100 ib/in" ). 


Pressure Control Valves 


Pressure contro! valves may be designed to reduce the pressure to a desired level, or to maintain it 
at that level. A common form of construction incorporates a spring-loaded diaphragm pressurized 
in opposition to the spring. In the absence of pressure, the valve is held open by the spring — Fig 
13. When pressure is admitted, it builds up on the outlet side until the force generated by the 
pressure on the diaphragm equals that of the control spring. The spring can thus be adjusted to 
reduce the effective outlet pressure from a maximum downwards, with reasonable accuracy of 
setting. In practice, the valve is simply opened enough to allow sufficient air to pass to meet the 
particular demand. 


huy 
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Fig 14 Precision regulating valve with 
pilot valve having continuous bleed 
controlling the pressure acting on the 
main valve control diaphragm, 
{Могагеп}, 
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Outlet Restriction 


Cylinder port 





' Exhaust 


Fig 14 shows a more sophisticated type of pressure regulation valve which is pilot operated 
and has a continuous bleed off, je is never completely closed. Regulation of the accuracy to £0.5% 
is possible with such a device, for reasonable variations in Tow and inlet pressure. 


Fig 15 shows a sensitive lever controlled bleed valve. When the lever is depressed, a bleed release 
hole is uncovered, allowing air to escape to atmosphere and since the inflow to the pilot chamber 
is restricted a pressure drop occurs in the chamber and full pressure over the small end forces the 
piston over. Releasing the lever restores full pressure in the pilot chamber and the resultant un- 
balance of the end forces on the piston cause it to return to its original position. The spring 
loading on the lever arm is very light since it is required only to seal a 3/64" diameter orifice. A 
4 oz force is sufficient to operate the valve with as little as 0.010" movement. A slightly heavier 
spring is fitted to the one way | valve to ensure that the lever is not depressed in the override 


direction. 


In application, this type of valve has the characteristics of an electrical micro-switch where short 
operating movements, coupled with light forces give snap action change over. 


Quick Exhaust Valve 


Fig 16 shows a quick exhaust valve designed to increase the speed of movement of a cylinder by 
allowing the exhaust air to vent directly to atmosphere, ideally a quick exhaust valve should be 
screwed directly into the cylinder ports to obtain maximum effect. 
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Fig 17 Three-way solenoid valve. 


Solenoid Valves 

When control is to be initiated by an electrical signal feg a switch} some form of solenoid operator 
is required in order to generate the linear force necessary to operate the valve. in a simple solenoid 
valve this comprises an integrally mounted solenoid with the armature directly linked to the valve 
movement. Alternatively, to minimize the electrical power required, the solenoid may only act as 
a pilot control, the valve itself then being operated by fluid pressure available. 


An example of this latter type of solenoid valve is shown in Fig 17. This valve controls a pilot 
supply for the indirect operation of the main valve spool. When the solenoid is de-energized the 
pilot air is blocked off and the pilot chamber is vented to exhaust by way of axial slots in the 
armature of the solenoid. Energizing the solenoid applies the pilot air to the pilot valve, Thus а 
small pilot solenoid valve operates a spool valve that would otherwise require a large solenoid with 
its armature directly linked to the spool. The single solenoid operated spool! valve shown is 
normally supplied spring return, although any other mechanism could be fitted as a reset. In the 
same way a further solenoid could be fitted for this purpose, which would give a latching function 
from two independent pulses. 


See also chapter on Actuators. 
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Valve Actuation 
| 

MOVEMENT OF a pneumatic va ve element from one position to another may be performed by 
any of the following methods: 

(8 Manually — by pushbutton, lever or pedal, etc. 

Gi) Mechanically — by spring, plunger, or roller, etc. 

(il) Electrically — by solenoid (or in some cases by electric motor) 

(iv) By fluid pressure — air-a uation, 

iw} Selfactuation. 


Configurations of these methods may also be used. Standard symbols defining these methods of 
actuation are given in Fig 1. (See also Data Section for other symbols). 


From the practical point of view manual and mechanical operation can be considered basically 
similar in that a mechanical force is applied directly to the moving member af the valve, With lever 
movements the mechanical advantage can readily be adjusted, However, the particular application 
may demand careful consideration of the working conditions, and the possible necessity of incor- 
porating spring detents to hold a vaive in a particular position until reversed by the next movement 
on the part of the operator, | 


MANUAL MECHANICAL ELECTRICAL 
| 


( 
E general symbol = plunger Ыы 
rm 
= push button | ; 
wC | Ша zx solenoid (2 windings, opposed) 





solenoid (1 winding) 


V lever e follar 


j| 


solenoid (2 windings, progressive) 


uni-directional 


3 Же 
roller 
z n electric motor 


| 
Fig 1 Standard symbols for valve control methags 
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қ а 
ві: 


tij: М a 


Push lock button Push-ever operated Plunger operated Palm button operated Shrouded push button 
operated operated 


p g K 


Roller operated Опе way trip aperated Key lock operated 


Examples of manual and mechanical 
valve operation. 





Solenoid Operation 

Solenoid operation is an electro-mechanical system. The solenoid can be mounted directly on the 
valve, or directly connected to it by a lever, so that when an electrical switch is closed the solenoid 
is energized to apply direct farce to the valve movement. This is direct solenoid actuation. 

Double-solenoid actuation may be necessary with certain valves, eg three-position valves. If the 
valve is spring controlled, one solenoid is energized to shift it to one position and the second 
to switch it ta the other position. 

Double-solenoids may also be used for momentary working where a valve position has to be 
held for an appreciable time. To reduce the current drain and solenoid heating, the valve is shifted 
by momentary solenoid actuation, the movement being mechanically latched, The valve then 
remains in this position until unlatched by momentary actuation of a second solenoid releasing the 
catch, when it returns under spring action. 


Solenoid Pilot 

An alternative form is solenoid pilot actuation. Here the solenoid movement is utilized to open a 
small pifot valve, which then directs air pressure onto the main valve piston to initiate main valve 
movement. With this system a relatively small solenoid can be used to actuate quite a large valve. 
Another advantage is that the pilot (and its operating solenoid) does not necessarily have to be 
close to the main valve, but can be mounted at some remote and more convenient point to provide 
optimum location of both pilot and main valves, À solenoid and small pilot valve, when assembled 
as an integral unit, are generally referred to as solenoid pilot. 


In the case of air operation this may be direct, indirect, or pilot operated. With a direct air- 
operated valve, signal pressure is applied directly to a piston formed by an end cap or full-bore 
section on the endís) of the valve spindle. Air-cperated movement can be in one direction (with 
spring return), or in both directions. Either method is suitable for establishing two-position move- 
ments, For three-position movements a central position can be given by applying signal pressure to 
both ends simultaneously, releasing pressure on alternate sides, as required. 





TABLE | — ALTERNAT VE CONFIGURATIONS OF SOLENOID PILOT VALVES 


А ; Normal | : : Spring R rk 


High 



















Requires relatively large 
coil and current 








igainst pressure force 






Closed Тач plunger 












High pressure/flow for 
same size coil and current 


Open Return plunger only Light 













Holding only, no 
pressure force 
present 


Highest pressure/flow for 
same coil size and current 










THREE-WAY 














Return plunger only Directiy comparable with 


2-way, open configuration 





The signal pressure required is generally substantially less than the line pressure carried by the 
valve. Thus lower signalling pressures can be used in many cases, However, if the signal pressure 
available is too low, the valve may be operated indirectly by a low pressure air signal through a 
suitable actuator, such as a diaphragm device. Again, one-direction or two-direction actuation is 
possible, by feeding signal air pressure to one or both sides of the diaphragm, respectively, with a 
central position obtained by pressurizing both sides of the diaphragm simultaneously. 

Basically, pilot operation, or air-pilot operation, as it js more correctly described, provides the 
main valve with a pneumatic actuator, capable of moving the valve when the low pressure pilot 
signal is applied. The pilot valves used are normally three-way or four-way. configuration, connect- 
ing the two chambers alternately to pressure and exhaust for pressurized operation with plug 
removed. Alternatively, exhaust operation would require the use of two 2-way pilot valves which 
allow the chambers to exhaust when opened. In this configuration the plug is removed and the 
chambers are permanently pressurized through the main inlet port. 


Valve contro! by a failsafe air operated 
actuator. 
(Midland Pneumatic Limited). 





Air Actuation 

Air-actuated valves can also be designed to provide a delay in shifting the valve after receipt of 
pilot air (‘timed-in’} or cessation of the pilot supply (‘timed-out'). For timed-in operation, air is 
admitted slowly so that a few seconds are required for enough air to be accumulated in the head to 
shift the valve. For timed-out operation the procass is re fersed, causing a delay in the exhausting 
of the ‘pilot’ air from the head. The valve thus remains actuated for a few seconds after the ‘pilot’ 
air supply is turned off. The delay mechanism can be adjusted to provide delays of varying 
duration. The possibility of having an automatic sequence of operations without the need for 
Operator control is obvious with this type of valve. ‘Pilot’ air can be supplied automatically by 
some other operation of the machine and the subsequent step can be delayed for a pre-set period 
of time. 


See also chapter on Valves. 
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Actuators 
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Air Cylinders 





THE THREE basic types of air cylinders are shown in Fig 1, viz: 


(i)  Single-acting — or developing thrust (output force) in one direction only, with 
spring return. 


{ii)  Double-acting — developing thrust in both directions, pressurized from opposite 
sides. 


(üi) Through-rod — usually double-acting and providing equal thrusts in either direc- 
tion. (This type also provides greater stability of working since the rod is 
supported by two bearings.) 


Variants include multiple cylinders and three-position cylinders — see later. 
Parameters governing the performance of an air cylinder аге:- 
(a) Compressed air pressure applied to cylinder (P) 
(b) Cylinder bore (D) 
(c) Cylinder rod diameter (4) 
The theoretical force available is: i 
F (outward) ог +F - 0.7854 x D? x Р single- or double-acting cylinder 
Е tinwards) or —F = 0.7854 x (D? — 4°} x P — double-acting cylinder. 
F (inwards and outwards} = 0.7854 x (D? —d*) x P — through-rod cylinder. 


P 
= Ee TE = 
POSITIVE CHAMBER NEGATIVE CHAMBER 
Single-acting | | | ; 
Fig f 


Through-rod 
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TABLE IA — TABLE OF lio A FOR E AIR CYLINDERS — SI UNITS 





1 N (Newton) = 0.1 kp (kilopond) 
1 bar = 100 kPa 


The values in the table give the forces for the plus and minus movements at air pressures of 
1—10 bar (100—1 000 kPa) 


Force figures for cylinders are normally quoted as full theoretical value, called the static thrust 
rating — see Table |. This does not necessarily give an accurate estimate of working force available 
in a particular application. Two additional factors have to be considered here. 


(i) Actual pressure developed in the cylinder chamber, which will be less than the 
nominal line pressure. 
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lii) Speed of operation. With slow speeds, working thrusts are likely to be 85% of 
the theoretical value for small cylinders and 9096 of the theoretical value for 
large cylinders. At higher speeds, working thrusts are still further reduced (eg 
down to 5096 of the theoretical value in some cases). 


Note, too, that with single-acting spring-return cylinders the thrust is reduced by the amount of 
spring force overcome on the working stroke. 


The only real value of a static thrust figure is to indicate the likely maximum ‘break out' force 
available from an air cylinder. As soon as stroke motion is induced the thrust force will be reduced 
by friction (mechanical loss) and compressed air pressure drop through the inlet port (reduction in 
effective pressure in the operating chamber). 


TABLE IB — FORCES FOR DOUBLE-ACTING AIR CYLINDERS — US UNITS 





The values in the table give the farces for the plus and minus movements at air pressures of 20—140 Ib/in? 
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This can present problems in cylinder size-selection, since the thrust produced by a given size 
of cylinder can be modified by the use to which it is put (and particularly the speed of working). 
For non-critical applications, air cylinders are commonly sized on the basis of a theoretical thrust 
rating of 25% to 50% in excess of the working force required. It is better to select an oversized 
cylinder rather than the reverse, since the thrust provided by an 'undersized' cylinder can only be 
uprated by increasing the line pressure (which is seldom a practical solution), or by reducing the 
operating speed. | 

In cases of uncertainty, a solution is to select a suitable size of cylinder with the performance 
assessed on a lower figure than the pressure available. The cylinder is then fed through a pressure 
reducing valve, If necessary, the cylinder force can then be increased via the pressure control valve, 

For more critical applications it is generally necessary to consider in detail: 

li) actual power requirements, taking into account losses due to positive and nega- 

tive accelerations, 

(ii) апу additional power requirements which may be necessary to ensure constant 

motions under var ying load conditions. 

(iii) how to calculate the actual value of the effective pressure under working con- 

ditions. 

The majority of air cylinders nre designed for working with maximum air pressures of the order 
of 10 bar (140 Ib/in? ), although the usual operating pressure is of the order of 5—7 bar (80—100 
Ib/in^) which is consistent with the typical delivery air pressure available from the bulk of 
standard production compressors. 


Air Consumption 
The air consumption of a cylinder can be derived directly from the cylinder geometry. It is 
normally expressed in terms of free air delivered. 
0.7854 D? x 5 x SPM x (P + 1) 
10? 

where S and D are in millimetres 

P = Pressure in bar 

SPM = stroke per min 


+stroke — m?/min (FAD) = 





0.7854 D? x 5 x SPM x (P + 14.7) 
1728 x 14.7 


+stroke ft/min (FAD) = 





where Зай D are in inches 
P = pressure in Ib/in? gauge 


0.7854 (D? — d^) x Sx SPM x {Р + 1) 
10? 
where d= rod diameter in millimetres 


—stroke т? /min (FAD) = 


0.7854 (D? — d') xS x SPM x IP + 14.7) 
1728 x 14.7 


where d = rod diameter in inches 


—stroke ft/min (FAD) = 
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Double-acting cable cylinder. 


In the case of double-acting cylinders the reduction in air consumption on the —stroke is 
commonly ignored and taken as twice that of the +stroke. 

Total consumption is calculated by multiplying the consumption per stroke by the number of 
strokes per minute. It is often more convenient to render consumption directly in terms of the 
operating time to complete a stroke, when the corresponding formulas are: 


2 
т? /min (FAD) = 2х5 x tP * 1) 
tx 10 
2 
нё /min (FAD) = 000186 D- x8x (P. 147) 


where t= operating time in seconds 


Time of Operation 

The operating time of an air cylinder is controlled partly by load inertia and partly by the size of 
the inlet port. The latter produces a ‘throttling’ effect, with pressure drop increasing as the piston 
speed (and hence air delivery through the port) increases. The basic relationship between con- 
sumption and piston speed is: 


Q-D'xVxr 


where V 
r 
a 


piston speed 
compression ratio 
consumption (FAD) 


Without throttling, piston velocity is finally restricted by the pressure drop through the inlet 
port. With small inlet ports and light external loads, pressure drops of the order of 2—3 bar 
(30—40 Ib/in?) may readily be realized, resulting in a halving of the output force available from 
normal line pressures. Individual cylinders will, therefore, have a characteristic speed performance, 
determined by their bore size and port size. 

The fitting of a silencer to the exhaust port of a cylinder control valve can also have a speed 
control effect. This will be dependent on the size and type of silencer, ie its effective permeability. 
In practice the effect of a suitable size of silencer capable of giving a significant reduction in 
exhaust noise on the piston can vary from zero to a maximum of about 20% loss of speed. 

Normally the speed range likely to be available from a cylinder is 0.5—2.5 metres/sec (1.6—8 
ft/sec). Attempting to operate at lower or higher speeds can produce difficulties. 


Speed Control 


The speed of operation of an air cylinder can be controlled by throttling either the inlet or outlet 
air or both. The degree of speed control available fram such simple methods is suitable for a wide 
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range of applications although the actual response time will still be variable if the load is variable, 
because of the varying compressibility of air against different loads. Actual control of speed as 
such, however, is often less important than reducing the speed of operation to a satisfactory level 
or avoiding excessive operating speeds which increase wear on the cylinder and waste air. 

Speed control accomplished by metering the inlet air will only produce a constant speed if the 
resisting force is constant — Fig 2. Basically, pressure will first build up in the cylinder until the 
force available is greater than that of 'stiction' (static friction) and resistive load, when the piston 
will start to move. It will then continue to move forward at a more or less constant speed if the 
resistive load is constant, with |speed governed by the rate of air admission. Any increase or 
decrease in resistive load will cause the speed of movement to slow down or increase respectively. 











RESISTING 


RESISTING 
FORCE FORCE 


NEEDLE 


NEEDLE VALVE 


VALVE 


Fig 2 Metered inlat speed control. Fig 3 Metered exhaust speed control. 





Fig4 


Speed control by metered exhaust — Fig 3 — will tend to give an initial rapid movement 
followed by a slowing down as alr is compressed on the exhaust side of the piston. The movement 
is thus likely to be jerky, Much better control is provided if the modified circuit of Fig 4 is used 
where the piston is held in the retracted position under pressure and, when the control valve is 
operated, the piston will start to move forward through pressure applied to the head before the air 
has had time to leak away from the rod end, The result js a freedom from initial jerk and smooth 
movement throughout. Also the tendency to jerk forward should the resisting force be removed is 
minimized. 

The general recommendation is that speed control should preferably be applied by throttling 
the exhaust from a cylinder. А combination of both methods may, however, be used in specific 
applications. 
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For more precise speed control, and particularly to take care of fluctuations in load and/or 
line pressure, surge damping may be applied to the system, This would normally demand the use 
of an ‘oversize’ system with a surge tank in the circuit, forming the equivalent of an accumulator 
in a hydraulic circuit. For greater accuracy of control, however, a check unit would be employed. 


Check Units 

A typical check unit consists of a small hydraulic cylinder with both ends connected to a suitable 
size of reservoir. The hydraulic cylinder is mechanically connected to the air cylinder so that flow 
in and out of the hydraulic cylinder (displaced by its piston movement) is a function of the air 
cylinder movement. By inserting regulating valves in the hydraulic cylinder circuit the movement 
is checked or regulated, thus regulating the speed of movement of the whole assembly. Control 
and rigidity of the system are then directly comparable with those of an all-hydraulic system. 

The hydraulic cylinder can be a separate entity (with mechanical linkage) or built integral with 
the air cylinder in a common unit, more usually known as an air-hydraulic cylinder. Speed of 
movement is then controlled by a metering valve in the hydraulic circuit whilst variations in oil 
volume through temperature changes or leakage are catered for by the reservoir — Fig 5. 


Fig 5 Hydro check unit using an 
air-hycdraulic cylinder. 





Further variations are possible, such as bypassing the (hydraulic) control valve for a proportion 
of the movement to give a rapid initial movement followed by checking and positive control. It 
should be noted, however, that the controlled speed as established by a particular setting of the 
(hydraulic) metering valve will still be influenced by the actual value of the resisting load, although 
speed variations with a fluctuating load will be greatly smoothed. In a more sophisticated system it 
is possible to couple the metering adjustment to the actual resistive load to make the system fully 
self-compensating and so maintain constant speed. For most practical applications adequate 
precision in speed control can usually be obtained in such systems by employing an oversize 
cylinder and so rendering it less subject to load fluctuation effect, when the proportionately 
smaller variations can be dealt with adequately by the check unit. 

With light resistive loads, and without check units, the capability of air cylinders to perform 
rapid stroking motions can also be a disadvantage in that considerable kinetic energy may be dissi- 
pated at the end of the stroke. This can set up severe stresses in the cylinder itself or its end covers, 
or on the frame of the machine to which the cylinder is attached. This can be overcome by provid- 
ing cushioning to produce gradual deceleration of the piston as it approaches the end of its stroke. 
Thus, in general, cushioned cylinders are to be preferred to reduce shock and ‘hammer’ at the end 
of the operating stroke, unless there are obvious reasons for employing a non-cushioned type. 


Cushioning 


Since air cylinders are fast-acting and the piston will tend to accelerate over the whole of the 
stroke (unless restricted by throttling or load), considerable shock loads can be developed if the 
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Fig BA Principal of air cylinder cushion, 
(CompAir Maxam Lid). 


Fig 68 Extended cushions for cylinders, 
(Мастап). 


piston is allowed to impact on the end of the cylinder, To avoid this a decelerating device or 
cushion is commonly [псагрюгатаа in the cylinder geometry. This normally takes the form of a 
cushion chamber incorporated in the end of the cylinder, into which a nose section on the piston 
enters — Fig б. 


The effect is that as the piston approaches the end of ts stroke and the nose section enters the 
chamber, air is trapped in this chamber, from which it can only escape through a controlled bleed. 
This provides adjustable damping or ‘braking’ over the length of the cushion travel, with the 
kinetic energy of the piston mass dissipated in the form of heat, 


Provision must also be made for reverse air feed to act on the full area of the piston, otherwise 
initial acceleration and break-out force available will be very low. A common arrangement is to fit 
а non-return valve in the end of the cover so that reverse flow is directed straight to the face of the 
piston, the end cover or piston having some form of fluting to ensure that pressurized air is distri- 
buted over the whole face of the Biston. 

Detail design of cushions varies with different manufacturers. The cushion length is usually only 
a matter of 25 mm (1 inch) or so in most cylinders. The cushion boss or piston nose is usually 
tapered to provide a smooth, progressive entry, but provides a plunger-type seal once it has fully 
entered the cushion chamber, Alternatively, ring seals may be used in place of plunger-type seals. 

A cushion can be fitted to one or both ends of a cylinder. The cushion chamber may be incor- 
porated in the end cover(s) or be in the form of a cushion collar. 

Variations in integral cushion design include the use of spring-loaded face seal which forms its 
own cushion automatically when| brought into contact with a seating surface at the end of the 
cylinder; and flexible seal type cushions. In the latter case the seal is made flexible enough to 
collapse when return flow is olet. thus opening the full area of the piston to the flow. Other 
types, incorporating a sliding plate valve, may permit adjustment of the cushion length to meet 
different working conditions. 

Integral cushions have certain distinct limitations, the main being that at speeds above about 
4.5-5.5 metres/second (15—18 feet/second) they are virtually ineffective, unless the cushion 
length is made impractically long. For cushioning higher piston speeds, external cushioning is 
normally required. This can take the form of flow control where restriction is applied to the 
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exhaust flow over a selected portion of the stroke, starting at a point well before that practicable 
with integral cushions. This normally involves the use of a pilot valve, suitably positioned for 
operating by the cylinder movement, controlling a diverter valve which applies restriction to the 
exhaust flow. If necessary, this set up can be duplicated, or triplicated, etc, to provide a number of 
different stages of cushioning. 


Fig 7 





SUFFER CYLINDER MAIN CYLINDER 


Buffer Cylinder 


Instead of incorporating an integral cushion a buffer cylinder may be used as decleration control. 
This is a separate cylinder pre-pressurized and proportioned to absorb the excess momentum — 
Fig 7. The main requirement is that the buffer cylinder should have reserve capacity, and that the 
maximum pressure realized in the buffer cylinder should not exceed the design rating (which can 
be very much higher than that for conventional air cylinders). With suitable design, cushioning 
of high speeds and forces can be provided by quite short buffer cylinders pre-pressurized to the 
order of 0.7 to 1 bar (10 to 15 Ib/in? ). 

The valving circuit associated with a buffer cylinder must be capable of reversing the main con- 
trol valve at the end of the buffer stroke, otherwise the high pressure generated in the buffer 
cylinder will tend to reverse the travel of the load. 

Other limitations of integral cushions include the fact that they are generally ineffective where 
a cylinder is fitted with quick exhaust valves or is pre-exhausted, as the amount of air trapped in 
the cushion is likely to be inadequate for proper cushioning; there is also the practical problem 
that the bleed may be subject to clogging by contaminants unless periodically attended to. Further 
of course, integral cushions are only effective if the full stroke of the cylinder is used. 

Nevertheless cylinders with integral cushions have a wide application and are generally capable 
of giving excellent performance in the majority of systems. Piston speed limitation is less likely to 
be a factor than may appear at first sight, since air cylinders are seldom required to operate at their 
fastest speed, and the cylinder operating speed is frequently controlled. 

Positioning Cylinders 

A positioning cylinder is one designed to provide intermediate movements or positioning of the 
piston, It is normally produced by adding an external control and/or indicating device known as a 
position controller. A position controller provides a means of measuring or determining the 
position of the piston in the cylinder. Within limits, the position is largely unrelated to the load 
on the cylinder, with the position controller itself controlled by a variable pressure air supply. This 
can either be varied manually, or automatically by a suitable instrument or control gear, depending 
on the application involved. The most common application is where a quantity has to be varied 
continually, such as in air-operated valves, speed variators and similar devices. 
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Control signal M 


Fig 8 Principle of operation of a 
positioning cylinder. | 
(Atlas Copcol. 





Individual cylinders may also be adapted for mechanical or pneumatic signalling and control, 
governed purely by piston movement. The simplest method is to employ limit switches or strikers 
fitted externally and operated by the rod movement (Fig 8). 


Adjustable Stroke Cylinders 

For certain applications, a cylinder, with an adjustable stroke may be required. In its simplest form 
this can comprise a standard doubld-rod cylinder with one rod end threaded where it emerges from 
the cylinder. Check nuts are then run on to thls thread to limit the available movement, and thus 
the stroke of the cylinder, to that required. In such designsjit is important that the threads are not 
allowed to run into the end gland|as otherwise the seal will be damaged resulting in air leakage. 
This can be avoided by extending the rod so that the threaded length never enters the gland, and 
fitting a sleeve over the rod extension (ог an extended housing to the cylinder end) to act as a stop 
for the check nuts. 

Various other methods of stroke adjustment can be used, according to the circumstances and 
requirements, ranging from adjustable external stops, which are not part of the cylinder as such 
(and are thus applicable to standard cylinders) to piston travel limit via a large stud screwed into 
the end cover and locked with a check nut. In such cases ihe stud must be of sufficient size and 
strength to absorb the continual impact of the piston without damage to either component; in the 
case of double-acting cylinders it will be necessary to provide a seal for the stud thread. 


Tandem Cylinders 

Tandem cylinders are produced in two different configurations — separate cylinders with the 
piston mounted on a common rod, and a common cylinder with separate pistons, back-to-back. 
These are known as front connected and rear connected respectively — Fig 9. 

Tandem cylinders may be used where there is insufficient space available to install standard 
cylinders of the appropriate diameter necessary for the force required, Control is generally similar 
to that of a conventional cylinder, except that compressed air is fed simultaneously to the two 
cylinder chambers. 





Fig 9 Tandem cylinders — front connected (ен) and rear connected (right). 


Three-Position Cylinders 


Three-position cylinders can be used for operating mechanisms which require three fixed stop 
positions — /e one at an intermediate position as well as a stop position at each end. The basic 
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configuration is shown in Fig 10. This is really another form of tandem cylinder, except that the 
two piston assemblies can move independently. The blind end cylinder (referred to as the ‘stop’ 
cylinder) provides the intermediate stop position on its + stroke, and again limits the — stroke 
movement of the main piston if held in this position. The two cylinders may be of equal, or 
different, diameters, depending on the power ratios required. See also Fig 11. 


| | : | | Ро ОМ I 


STOP CYLINDER 
| | E | | | POSITION? 
Fig 10 
POSITION J 


Filter Plug 


Fig 11 Three-position cylinder. 





{Местап). 
L MP Stroke of Interm. Stop Cyl. + Stroke of Main Cyl. | 
fy — 
= Fig 12 Single- and double-acting 
f diaphragm cylinders. 
| {Айаз Copco). 





Double-act 
Single-acting qd 


Thrusters (Diaphragm Cylinders) 

A diaphragm cylinder is basically a large diameter, short stroke cylinder fitted with a diaphragm 
instead of a piston. Construction normally takes the form of two shallow steel pressings or castings 
clamped or bolted together with the diaphragm. Such cylinders may be single-acting or double- 
acting — see Fig 12. 

Diaphragm cylinders are capable of generating very high forces with very short strokes and are 
commonly called thrusters. Theoretical thrust available is equal to the product of the applied air 
pressure and effective diaphragm area. Stroke is normally limited to a maximum of about one 
third the cylinder diameter. Normal mounting position is with the rod horizontal or pointing 
downwards. 
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Impact Cylinders 
An 'impact' cylinder is one arranged so that the speed developed is high enough for impact work, 
such as forging, piercing, etc. 

It is possible to achieve this mode of working with a conventional cylinder fitted with extra 
large inlet and outlet ports and suitable valving. Such a system is shown in Fig 13. This provides 
for the air on the underside of the piston to be quickly exhausted, while simultaneously supplying 
air to the other side, The piston speed obtained can be varied by adjusting the appropriate valves, 
It is generally advisable — or evan necessary — to use a reservoir of at least equivalent capacity to 
that of the cylinder displacement and which is connected close to the cylinder in order to avoid 
too high a pressure drop. 








Section through impact cylinder. Piston remains at 

rear end position (seat closed on pre-pressurizing 

chamber] until product of inlet pressure P times 

area А is greater than product of outlet pressure П 

times area B. Exhaust rate controlled by down- 
stream throttle valve. 


Fig 13 Circuit for operating an air 
cylinder as an impact cylinder. 
{Mecman}, 





Fig 14 Martonair impact cylinder. 


Ап alternative approach is to incorporate a reservoir section in the cylinder, connecting directly 
to a large inlet port valve. Such a design is shown in Fig 14. Initially the piston rod end is charged 
with air at normal line pressure with the annulus betwaen the piston seat and centre piece connec- 
ted to exhaust. The control valve is then opened and pressure builds up in the reservoir, This acts 
on the piston seat, which is 1/n that of the piston area (/e A/n where n is the ratio of the piston to 
annulus area), The thrust force downwards is thus P x A/n. 

The piston rod end of the cylinder is connected to exhaust when the pressure in this end falls to 
less than the supply pressure P. When it has fallen to just below P/n the piston moves away from 
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the poppet seat. Immediately this happens the whole of the piston is exposed to the reservoir 
pressure causing the pistan to move rapidly downwards, Maximum piston speed is reached within 
the first 25—35 mm of the stroke and is of the order of B metres/sec (25 ft/sec) with supply 
pressure of б bar. 

Because of the high shock loads developed, a necessary requirement for all impact cylinders is 
that they be mounted rigidly. For even higher energy outputs pairs of cylinders can be mounted 
in opposition and operated simultaneously. With proper alignment, shock loading can be neglig- 
ible in such cases, all the energy being absorbed by the workpiece. Some impact cylinders are 
fitted with a cushion to prevent damage if they are used Тог other types of work. 


Linear Motors 

А double-acting cylinder can be made to perform continuous stroking out and in by fitting trip 
valves or similar devices which automatically remove the supply of compressed air at the end of 
each stroke — Fig 15. The motion of such a cylinder is then continuous reciprocation, and in this 
mode of operation it is called а //near motor. 


Fig 15 Circuit for air cylinder operating 
as a finear motor. 
(Mecmanl. 


Оз Де Suppty 





'"Pneumag' cylinder with magnetic 
proximity switches mounted on tie-bars. 


Materials and Construction 

Air cylinders are generally produced in three different grades or specifications, namely light duty, 
medium duty and heavy duty. Such a classification is based on the rigidity of cylinder construc- 
tion and its suitability for accommodating working loads normally associated with these three 
grades, It does not refer to the output performance of the cylinder, which will be similar for 
cylinders of similar bore size operating at the same working pressure. 

Air cylinders are most commonly assembled from hard drawn metallic cylinder tubes with 
fabricated end covers. The rod end cover is extended to incorporate a bearing for the piston rod 
and rod seals. The end covers also normally incorporate the cylinder ports and cushion chambers 
where fitted. Choice of constructional materials varies both with the duty and size of cylinder — eg 
see Table 11. 

Light duty cylinders: 

Tube-plastic or hard drawn aluminium or brass. 

End covers — cast aluminium or machined from aluminium or brass. 
Piston — machined from aluminium, or cast aluminium. 

Piston rod — mild steel (chrome plated preferred). 
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TABLE li — TYPICAL STANDARD SIZE CYLINDER GEOMETRY 


Inch Size Cylinders 





Cylinder Diameter Rod Diameter | Typical Port Size 


5/16 BSP 1/8 in 
3/8 BSP 1/8 in 
Y or 5/8 BSP 1/8 in 
5/8 or X BSP 54 in 
% BSP % in 
1 BSP 3/8 in 
та BSP 3/8 in 
154 ar 1% BSP 3/8 in 
1.3/8, 14 or 1X BSP % in 
15 ог 15 BSP % in 
1%,20r 2% BSP 1 in 
24,25 or 3 BSP 1% in 
2%or3 BSP 1% in 





nders 


Cylinder e Rod Diameter Typical Port Size 
mm 


M5 


BSP 1/8 in 
or M5 


BSP % in 
BSP И іп 
BSP 3/8 in 
BSP 3/8 in 
BSP 3/8 in 
BSP H in 
BSP % in 
BSP 1 in 
BSP 1% in 
BSP 1.1/8 in 
BSP 1% in 
BSP 2 in 
BSP 2 in 





Plastic cylinders may be all-plastic except for the piston rod, or mixed metal and plastic. For 
example, a plastic cylinder tube and end covers with a metal piston and stainless steel rod may 
have advantages when working in a corrosive ambience. Plastic materials used include nylon, 
polyacetal, polycarbonate, rigid PVC and reinforced epoxy resins, 

Apart from corrosion resistance, plastic cylinders can also offer cost advantages. However the 
higher moduli associated with plastic materials can restrict the working temperature range of 
plastic cylinders and substantially reduce the maximum service temperature rating. 
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Medium duty cylinders: 
Tube — hard drawn brass or cast aluminium. 
End covers — machined or cast aluminium, brass or bronze; or cast steel. 
Piston — machined or cast aluminium, brass, bronze or steel. 
Piston rod — steel chrome plated steel, hardened steel or stainless steal. 

Heavy duty cylinders: 

Tube — hard drawn brass or steel; cast brass, bronze, cast iron or steel; 
welded steel tube (large cylinders only). 

End covers — high tensile castíngs. 

Piston — cast aluminium, brass, bronze, iron or steel; machined brass or 
bronze; aluminium forging. 

Piston rod — chrome-plated steel, hardened steel, stainless steel. 

Various methods are used for attaching the end covers, including screwing, welding and 
mechanically fastening (eg screwing into a square cylinder body). Tie-rod assembly is the most 
widely adopted method, enabling substantial end covers to be used, square in shape, with the 
assembly bolted up with the tie-rods in tension. These rods are normally of high tensile steel. 
Pre-stressing of the tie-rods by tightening up is limited by the ability of the cylinder tube to resist 
buckling. 

The main requirement is that the end covers cannot move when the cylinder is under internal 
pressure. With tie-rods, this can present problems on long cylinders, when one solution adopted is 
to add a support ring at the centre into which the tie-rods are studded. This effectively halves any 
deflection or elongation of the rods. Another solution is to use a central support ring which 
bows the full length tie-rods outwards slightly. 

Pistons for light and medium duty cylinders are usually aluminium alloy castings. Aluminium 
castings or forgings are used for heavy duty cylinders with more robust sections, Alternatively, 
medium and heavy duty cylinder pistons may be fabricated from cast iron, brass or bronze. 

The piston itself may be one piece, with machined grooves for ring seals, or two or three piece 
construction depending on the type of seals used (eg some types of seal require the piston to be 
disassembled for fitting). Cups, U-rings and C-rings are the favoured types of seal for medium and 
heavy duty pistons and for all larger diameter sizes. Wear rings may be incorporated in the piston 
assembly in addition to seals, and/or the piston length increased for better support in the case of 
long-stroke cylinders. 

For satisfactory seal life a fine cylinder bore finish of the order of 15 microinches or better is 
required, particularly when using elastomeric seals. Finer finishing is desirable on cylinders 
intended for low operating speeds, Hard chrome plating followed by honing and polishing may be 
used to protect cylinder bores. 

Piston rods are normally OSOM40 steel (ог a similar mild steel specification) ground and 
polished and chrome plated. Chrome plating provides suitable hardness, but hardened steel rods 
may be employed in some designs. Stainless steel, ground and polished, is now more favoured as an 
alternative. Regardless of the material used, a high finish is essential in order to minimize wear on 
the rod seals. This also favours the use of a non-corrosive rod surface. 


Because of the relatively low thrust forces involved, rod diameter:cylinder diameter ratio is con- 
siderably lower than that of hydraulic cylinders; this has the advantage of reducing the piston area 
loss on a double-acting cylinder, as well as reducing rod weight (and thus the tendency to sag). 
However, the rod diameter size is governed by end load and rod length, the diameter being chosen 
so that the critical length of the rod is not exceeded, 
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For simplicity of production, rod diameters are usually standardized in smaller numbers than 
cylinder sizes — је one ‘standard’ rod size may serve two or more ‘standard’ cylinder sizes. Alter- 
native (larger rod sizes may be needed for specific duties, and particularly for longer strokes. 
Loading limits for standard год5 аге also specific, although not always direclty given in the 
cylinder specification, All heavy duty cylinders require larger rod:piston diameter ratios than 
other types. Long stroke cylinders also present a particular problem since, as well as requiring a 
larger rod:piston diameter ratio to| prevent buckling under load, the weight of a long rod will tend 
to make it sag in the case of horizontal cylinders. If this weight problem is likely to be critical, 
a hollow (tubular) rod can be used. It is usual in the case of longer stroke cylinders to find that the 
length of the rod bearing is increased to provide better support, 

Rod bearings used range from simple plain bearings in a cast iron end cover to inserted metal 
sleeves in bronze or sintered bronze. The bearing assembly also invariably incorporates the rod 
seals. Simple seals are suitable for light duty cylinders. Medium and heavy duty cylinders normally 
employ multiple seals or seal sets. ^ separate wiper seal may also be incorporated at the outer end 
of the bearing assembly. 
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Air Cylinder Mounts 
The method of mounting an air cylinder can affect the maximum rating or maximum thrust load- 
ing of the cylinder. Choice of mount may also be affected by the construction of the cylinder, eg 
the rod construction may favour tie-rod mounting as the most straightforward choice; ar the con- 
struction may embody specific mounts — eg integral centreline mounts. In general, however, what- 
ever the construction, standard ranges of cylinders are designed which take attachments to adapt 
any cylinder to a variety of different mounts (ag see Fig 18). 


Fig 18 Examples of cylinder mounts. 
(Festa Pneumatic). 
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Mounts can be classified under three basic types: 
(i) rigid mounts which absorb the force on the cylinder centreline. 


(ii) rigid mounts which absorb the force on a plane parallel to, but removed from, 

the cylinder centreline. 

(iii) pivot mounts. 

Category (i) mounts are generally to be preferred where the forces to be absorbed are heavy. 
They also usually provide the most rigid form of mounting with a minimum of complication. 
Provided there is no possibility of rod misalignment, the mounting bolts are only stressed in simple 
tension, with no compound stresses. 

Fixed category (i) mounts derived from cylinder end positions will normally exhibit a tolerance 
for some rod misalignment at the end of the cylinder stroke, but little or none at the other end of 
the stroke. With long stroke cylinders it may therefore be desirable, or necessary, to provide addi- 
tional mounting support for the free end of the cylinder to prevent sagging and imparting com- 
pound stresses to the mounting bolts, Double mounts are always desirable where a long stroke is 
completely overhung and very long cylinders may benefit from an additional centre support. 

Category lii) mounts are often the most convenient, but have distinct limitations where heavy 
forces are involved, and particularly heavy shock loads. Such loads can tend to distort the cylinder, 
imparting heavy compound stresses to the mounting bolts, The platform to which the mounts are 
bolted may also need stiffening or support to resist bending loads which may be transmitted to it 
through the mounts, caused primarily by distortion of the cylinder. 

A possible method of overcoming this is to fit keys or pins to take the shear loads, leaving the 
mounting bolts in simple tension. Sometimes a thrust key can be incorporated on the cylinder 
itself (see Fig 17), which can be fitted directly into a keyway cut in the surface of the mounting 
member, When using such methods of accommodating shear loads only one end of the cylinder 
should be keyed in order to allow for expansion and contraction due to changes in temperature 
and pressure, 


Fig 17 





Integral key 


A category (iii) mount is normally required where the piston rod is required to traverse a curved 
path rather than a straight line. И may also be used to accommodate a degree of rod misalignment 
where the motion is basically linear. 


Where the curved motion or misalignment motion is confined to one plane, simple pin mounts 
such as are provided by a trunnion or clevis are satisfactory, the pin being mounted on the centre- 
line of the cylinder. A clevis or tongue and bracket mount is invariably fitted to the blind end of 
the cylinder. Trunnion mounts can be at either end or in the centre of the cylinder. 


Centre or rod end trunnion mounting is generally preferred on long stroke cylinders as it has a 
greater resistance to rod buckling. Pins are normally designed to resist plain shear loads and thus 
trunnions or clevis ends should not be fitted with self-aligning bearings as these could introduce 
bending loads on the pins. Pivot mougtings incorporating universal joints or swivel joints are pro- 
duced, however, and may have to be used where the path described by the rod traverses more than 
one plane, 
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Rod ends can be plain or агалай clevis or tongued, or fitted with a flange. Alternatively, a 
universal ball joint fitting can be used to accommodate rod movement in more than one plane. 
Similar considerations apply to those mentioned previously — іе self-aligning bearings should not 
be used to support pinned rod end joints where the pin is only designed to accommodate plain 


| 


shear loads — see also Fig 18. 
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Fig 18| Universal cylinder mount Тог 
flex ble and shear-free installation. 
{Mecman). 


| TABLE Ili — CYLINDER agii 


Position 


ti} 
tii) 


ti} 
(ii) 
ti) 
(ii) 
(ib 
tii) 


ti) 
lii) 


Rod end 
Blind end 


Single 
Double 


| 
Single, 


Double 


Single 
Double 


Rod end 
Blind end 


Single {centre ar end) 


Rod end 
Blind end 


Blind end 


Ramarks 


[ т 
Normally the most rigid and strongest mathod of mounting 
since mounting balts are in simple tension, provided по 
misalignment of rod is present (or possible during operation]. 


in centre of cylinder — for light loads only. 

Rigid mounting but mounting bolts are under compound 
stress. А common i and often the most convenient method 
oF mounting кш cylinder. 


Similar to flange mounting but heavy bending loads and 
compound stresses are transferred to base of pedestal 
and base fixing bolts. 

Similar to double foot mounting. 


Suitable for light duties only. 
Rigid mounting which absorbs force on cylinder centreline. 
Mounting bolts ara stressed largely in simple shear. 


Identical characteristics to flange mounting. 


Pivot mounting which absorbs force on cylinder centreline. 
Trunnion fixing bolts are in compound stress (tension and 
shear), 


Rigid mounting with simple stressing. 


Pivot mounting allowing for some misalignment of the rod 
whilst absorbing force on cylinder centreline. 


Similar to clev|s but with bracket fixing bolts in compound 
stress (tension and shear}. 
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For cylinders of tie rod construction, mounting on the tie rods themselves provides a category 
(i) mount and is particularly attractive where mounting space is limited. An additional plate may, 
however, be added for flange mounting for ease of alignment. Further possibilities are summarized 
in Table III. 


Energy Saving with Pneumatic Cylinders 

The useful energy produced by an air cylinder is directly proportional to the product of the air 
pressure and swept volume. At the completion of the stroke the air, still under pressure, has 
'expansion energy' which is normally lost energy since the air escapes directly to atmosphere, The 
amount of energy lost in this way depends on the initial air pressure, and in the case of 6—7 bar 
pressure can be as high as the useful energy produced in the cylinder, ie the pneumatic efficiency 
of a typical cylinder can be as low as 50%. 

Whilst it is not possible to recover expansion energy as such, considerable savings in air con- 
sumption is possible using pneumatic energy-saving fittings mounted on the outlet ports of the 
control valve. In effect these regulate the air supplied to the cylinder to the minimum required for 
proper functioning, whilst still providing free passage for exhaust air. As well as savings in air 
consumption this can also improve the pneumatic efficiency of the cylinder since it may operate 
quite satisfactorily with a lower air pressure set on the energy-saving fitting. This is particularly 
advantageous where the air cylinder is over-sized for the specific duty requirement. 

The principle of operation of the Legris EP 7000 energy-saving fittings is illustrated in Fig 19. 
On the outward stroke (Fig 19A) system préssure P1 passes through the control valve to the 
fitting. The closed position of the non-return skirt is maintained by the pressure, whilst at the 
same time the calibrated valve rises and lets through the amount of air necessary to drive the 
piston at a reduced pressure of P2. : 

At the end of the stroke (Fig 19B), pressure P2 together with the force of the calibrated spring 
closes the valve, The piston is maintained in position by pressure P2. For the return stroke (Fig 
19C) the control valve is reversed, pressure P2 is exhausted causing the non-return skirt to open. 
Throughout the return stroke the air from the cylinder thus flows through this non-return valve. 





Fig 19 


(С) 
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Tha construction of this particular fitting is shown in Fig 20. It includes a poppet valve the 
spring of which is calibrated by means of a set screw to tegulate the air from a pressure of P1 to 
a lower pressure P2, This valve allows a passage of air at pressure P2 and closes when pressure P2 
and the spring force balance out P1. The saving in energy is proportional to the difference between 
P1 and P2, set manually by adjustment of the set screw. Optimum setting is attained on a trial-and- 
error basis, 
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Air-Hydraulic Cylinders 





TWO-FLUID systems involving separate but inter-connected air and hydraulic (oil) cylinders fall 
into this category 
(i Check units — where a small hydraulic cylinder (or cylinders) is mechanically 
connected to an air cylinder for accuracy of control of cylinder movement. 
(i)  Air-hydraulic cylinders — usually a back-to-back tandem arrangement of air and 
hydraulic cylinders with a common movement. 
(iii) Intensifiers — where a low pressure air cylinder is used to generate a much higher 
pressure in a smaller hydraulic cylinder. 


Fig ! 





Hydro-Check Cylinders 
Two examples of basic hydro-pneumatic cylinder circuitry are shown in Fig 1. In the left hand 
diagram speed is controlled in the + stroke of the cylinder. If the — stroke is to be controlled, the 
non-return restrictor valve is inserted in the other hydraulic cylinder line. 

The second diagram shows the same circuit adapted to speed control in both directions. 
However, one throttle valve may substitute for both non-return restrictor valves where equal speed 
in either direction is called for, or can be accepted. 


See also chapter оп Air Cylinders. 


Air-Hydraulic Cylinders 

Typical applications of air-hydraulic cylinders include feeds for drills, milling machines, circular 
saws, etc and similar operations where the power supply available is compressed air, output forces 
required are relatively light, but a rigid feed is required. 
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Hydro-pneumatic working is achieved by mechanically coupling a pneumatic cylinder and a low 
pressure hydraulic cylinder so that they have a common movement normally initiated by com- 
pressed air applied to the air cylinder, which is a double-acting type. The normal configuration is 
back-to-back mounting with a common piston rod — Fig 2. The hydraulic (oil) cylinder is also 
double-acting, but with a closed loop circuit. Control of the rate of flow of oil through this circuit 
governs the speed of operation of the tandem cylinder. 

In practice, it is essential that|air cannot leak into the hydraulic circuit, otherwise this would 
cause 'spongy' operation. Thus two sets of rod seals are employed, one on the air side and one on 
the oil side. Provision also has to be made оп the hydraulic side to accommodate any changes in 
working volume of the oil — eg by the entry and withdrawal of the rod in the simple system of 
Fig 2; and also oil volume changes due to ambient temperature changes. 

А logical design configuration is to make the air cylinder the blind end of the combination so 
that the hydraulic cylinder then has a through-rod giving equal displacements with either direction 
of motion. It is then possible to reduce the volume of the compensating oil reservoir to minimum 
proportions, or even eliminate it entirely if the cylinder will be working at a substantially constant 
temperature. 













Fig 2 


Speed Control 

Further controls can be provided in the pneumatic circuit, which is the ‘working’ circuit. However, 
unloading or pressure relief valves cannot be used in the air circuit, since these could be operated 
by the damping produced by the hydraulic circuit, causing loss of working pressure. 1f unloading is 
required on the air side, this would have to be done via microswitches operated by mechanical 
movement, or suitable pilot valves, 


Throttling may be provided on both sides of the hydraulic piston for adjustable speed control 
in both directions, or on one side only with a flap valva far differential speed control with fast 
movement on the opposite stroke, as in Fig 3. 

Basic movernent controls possible with the control unit(s) located in the hydraulic circuit are:- 
Speed, one direction — one throttle valve or restrictor. 

Speed, both directions — two throttle valves or restrictors. 

Fast Approach, with final controlled approach — 

(i) throttle and bypass valve in parallel 

lii) ^ mechanical (applicable only in case of separate cylinders). 


Fig 3 
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Fast Return — flap valve in piston. 

Fast Approach, controlled return — Пар valve in piston plus throttle valve in return flow line. 

Controlled Approach, fast return — throttle valve in one line; flap valve in piston. 

Various other combinations of the aforementioned are possible, eg fast approach with 
controlled final approach, followed by fast return. In that case the control units required would be 
those for both types of movements, on appropriate sides in the hydraulic circuit — see Fig 4. 

In general:- 

Throttle valve lor restrictor) provides speed control (in appropriate line). 

Throttle valve with bypass valve provides differential speed control (in appropriate line). 

Flap valve in piston provides uncontrolied fast approach, or fast return (depending on which 
side of the piston it is fitted). 


AIR on PLATE VALVE 





SLOW APPROACH FAST RETURN Fig 4 


intensifiers 

Intensifiers are normally a special type of air-hydraulic cylinder whereby low pressure air can be 
used to generate a supply of high pressure fluid. The high pressure fluid may be air (or a gas), or a 
liquid {eg hydraulic oil or water). Intensifiers may be used directly as a source of low volume high 
pressure fluid, or as high pressure hold devices. In the latter case initial pressurization is achieved 
from a pump, the system then being switched over to the intensifier to produce and hold the final 
high pressure. 





Fig 5 


HYDRAULIC 
OUTPUT 


A diagrammatic representation of a typical air-hydraulic intensifier is given in Fig 5. Air 
pressure is used to drive the piston in a low pressure cylinder, the piston rod forming a plunger for 
a very much smaller diameter high pressure cylinder. Pressure intensification is directly related to 
the ratio of the cylinder bores, a typical intensifier ratio being of the order of 50:1. This would 
yield a hydraulic pressure of the order of 350 bar {5000 Ib/in?) from a conventional air line 
supply at 7 bar (100 Ib/in? ). If necessary, very much higher pressures can be obtained from air- 
hydraulic intensifiers, Normally a manufacturer would have a basic air cylinder and vary the 
diameter of the hydraulic cylinder to give the desired high pressure output, Output volume, of 
course, reduces with reducing diameter of the high pressure cylinder for a given stroke (available 
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from the air cylinder), as well as the speed of reciprocation, Speed falls off as pressure builds up, 
until reciprocation finally ceasesjwhen the loads on the low pressure piston and high pressure 
plunger are balanced. Reciprocation of the air cylinder is achieved by any suitable form of valve 
gear. 


Fig6 





A typical circuit using a 6-way directional control valve is shown in Fig 6. In the starting 
position D1 is in the position A. C1 and Y1 are in the withdrawn position. When D1 is moved to 
position B, reservoir D1 is pressurized and simultaneously reservoir 02 is vented. C1 moves 
outwards under low pressure. When D1 is moved to position C, Y1 moves downwards under air 
pressure, and hydraulic pressure actuating the cylinder C1 is intensified, Return movement is 
accomplished by pressurizing 02 and venting 01. 

See also chapter on Puoi Circuits. 





i —Air oil reservoir. 

2-Hydraulic check units with restrictor 
check valves for one and both strokes, 
3—/Intensifiers. 





Air-hydraulic equipment. 
(1,3 Нудзіга AG, Zurich; 
2 Festo-Pneumatic), 
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Actuators 


Bellows Actuators 

A BELLOWS actuator works in the reverse mode to an air spring and has a similar geometry. Air 
springs connected to an external pressure source can, in fact, be used as actuators, the most suit- 
able form being the convoluted bellows with one, two, or possibly more convolutions depending 
on the stroke required — Fig 1. Nominally, and dependent on the detail design, the maximum 
stroke obtainable from a single convolution bellows is of the order of % of its overall diameter ог 
less; of the order of % the diameter with two convolutions; and rather more than % the diameter 
with three convolutions, 


Fig 1 1-, 2- and 3-convelution actuators. 


Blind Nuts 


Crimped Bead Plates 


Fig 2 Firestone airstrake actuatar 
Bellows ' 
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Typical bellows construction is shown in Fig 2. The ballows are formed from two plies of nylon 
reinforcing cord encased in synthetic rubber (neoprene), the cord being designed to provide an 
interlocking effect as internal pressure is applied, Crimped head plates provide hermetically sealed 
ends as well as a convenient mounting and accommodation for the air entrance port. 

With this form of bellows the effective area of the actuator varies with extension, thus the force 
characteristics vary through the stroke range. Design can, in fact, be varied to provide different 
force-stroke characteristics, even constant force if required. A further feature of such actuator 
types is that they can accommodate considerable irregularity, thus dispensing with the need for a 
clevis in many applications where this working condition exists. 


Rotary Actuators 

The two basic forms of pneumatic rotary actuator are:- 
(i) Тһе torque cylinder or semi-motor. 
(ii) Single or paired diaphragm cylinders. 






veux md 
= 


= У ЗША 


The typical form of a torque cylinder is shown in Fig 3. It comprises two cylinders, back-to- 
back, with a common piston rod. The rod is cut with, or carries, a toothed rack engaging with a 
pinion mounted transversely in the centre section, Linear movement of the piston is thus trans- 
lated into limited rotary output. otary movement is usually restricted to a maximum of 360°, or 
less, Nevertheless this is considerably more than that possible from a conventional cylinder connec- 
ted to a lower output where the maximum angular displacement available is usually 120° or less. 

A particular advantage with the torque cylinder configuration is that for constant applied 
pressure the torque output is constant over the whole range af rack travel. Cushioning may ог 
may not be incorporated at each end of the cylinder, depending on requirements, 








Fig 4 Telektron rotary drive assembly 


powered by two diaphram actuators, || 
~ 
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A paired cylinder diaphragm-type rotary actuator is shown in Fig 4. Here two conventional 
diaphragm cylinders are mounted on a common centrepiece carrying a toothed wheel. Each 
cylinder rod terminates in a ratchet engaging this wheel, The selected diaphragm cylinder is opera- 
ted in an automatic oscillating mode, driving the toothed wheel continuously in a series of 
progressive rotary movements, Selecting the opposite cylinder reverses the direction of motion. 

Since diaphragm cylinders are essentially high-thrust devices, high output torques can be 
realized. Also this type of rotary actuator is capable of continuous rotation in either direction. 


Rotating Cylinders 

Two basic types of cylinder can be described under this heading. The true rotating cylinder is one 
where cylinder and piston are locked in such a manner that no relative rotary motion can occur 
between them. The complete cylinder is then mounted on a distribution gland which allows the 
cylinder to rotate relative to a workpiece. The other type of ‘rotating cylinder’ is one where the 
design provides for the piston to rotate freely relative to the cylinder with no loss of working 
characteristics. This implies that the piston seals must be capable of accommodating rotary as well 
as sliding motions. 





Air Motors 


AIR MOTORS are not direct replacements for electric motors or hydraulic motors. Rather they 
can be considered as an alternativa choice in low power applications — ie under 15—22 kW (20—30 
horsepower) where the specific properties and advantages of air motors can be properly utilized. 
Larger air motors are, however, coming more to the fore — see also Table |. 


TABLE)! — AIR MOTOR CHARACTERISTICS 


Typical Operating | Sizes 
Speed Range Initial (Typical 
rav/mint Torque Productions! 


Vane 7—15 000 Low F V.low* 75 W up to 


| about 15 kW 
Piston 600-4 500 Medium F High 75 Мир 10 
to high i звер about 20 kW 
Diaphragm 0-20 | Extremely Extremely | Under 100 W 
| high high 
Small turbina 50 000—80 000 Extremely Negligible | 7b W — 2 kW 
low 
Large turbine 20 000—30 000 High Higher 3.75 — 70 kW 
| than vane 
Gear up to 3000 | 1 500 —2 000 0.75 – 15 kW 


LSHT Low B0—180 
(lobe rotor) 





tDirect drive or spindle speed * Depends on number of vanes 


Air motors can be operated continuously for long periods, provided they have an adequate air 
supply and satisfactory lubrication. They are very unlikely to overheat because the expansion of 
exhaust air has a cooling «ео. They can operate at the extremes of ambient temperature, 
although for sub-zero temperature working special seals may be required. They can be operated 
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under water, down to depths of 12 m (40 ft) or more; in this case vents and exhaust must be led 
to the surface to avoid excessive back pressure being developed, and additional seals may be neces- 
sary to prevent water entering the motor. 


Power is normally compressed air from a compressor or compressed air line. For short-term 
running the motor may be fitted with its own air supply in the form of an air receiver — this is 
only viable if high pressure air is available as otherwise the size of receiver required would be too 
large. 


Air motors can also be operated by any other clear gas at a suitable pressure, provided lubrica- 
tion requirements can be met — eg producer gas or even process gases where a suitable differential 
pressure can be extracted from the system without interfering with the process requirements, 


Types of Air Motors 


The most widely used types of air motors are the rotary vane and radial/axial piston motors. Other 
types include gear motors, turbine motors and diaphragm motors, 


In addition to general purpose motors (vane and piston types particularly), air motors are com- 
monly produced for specialized duties — eg tool drives, valve actuators, starters for internal com- 
bustion engines and gas turbines, winches, hoists. In addition, the field of application of air motors 
is partially overlapped by rotary and semi-rotary actuators, and air motors may also be used as 
drivers for rotary, semi-rotary and linear actuators. 


Vane Motors 


Rotary vane motors are comparatively simple in design and construction and widely used in a 
range of sizes from 75 W (1/10 hp). They are extremely compact, with a high power to weight 
ratio and free running speeds up to 15 000 rev/min or more. 


1 — Cylinder з € | 2 за 
2 — End plate А 

3 — Ball bearing 

4 — Silencer 

5 — Planetary gaar 
8 — Motor housing 





H = ae Fig 1 Vane-type air motor. 
9 — Air inlet to cylinder з го B @ 


A section of a typical vane motor is shown in Fig 1. Four vanes are usual, although some 
motors may have more. The greater the number of vanes, the less the internal leakage and the 
higher the starting torque, although friction and wear are increased. Good starting torque also 
depends on the vanes sealing at low rotational speeds. This is normally provided by 'spring loading' 
the vanes in a radial direction, either pneumatically or mechanically. 

Torque generated by a vane motor is equal to the product of the applied air pressure, the 
exposed vane area between the inner motor and casing bore and the moment arm of this area. 
Both latter quantities are relatively small, so the vane motor is essentially a low torque motor, dep- 
endent on high operating speeds to generate good power. The supply pressure is a significant factor 
in determining the torque and power realized — see Fig 2. 

If necessary, torque output can be increased by reduction gearing — see Fig 3. With 20:1 
reduction gearing the vane motor will show substantially the same peak speed and peak speed 
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Fig 2 Horsepawer-torque 
characteristics of а typical 
rotary vane air motor. 
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Fig 3 Diagram showing how the 
characteristics of an ungeared motor are 
changed with gearing. 

{Atlas Copco). 





Speed 


torque as a piston motor with higher efficiency (je lower air consumption per horsepower). This, 
however, can be partially if not wholly offset by gearing losses. The main point is that the use of 
reduction gearing to adjust both speed and torque levels to specific operating requirements is very 
attractive with rotary vane air mators. 


As shown in Fig 2, characteristically torque output is substantially linear, although the starting 
torque available is invariably lower than tha theoretical maximum or stall torque. Also torque 
values are relatively low, good power output depending on high running speed. The peak of the 
bhp curve may occur at 5096 of the no-load (maximum) speed or somewhat higher, depending on 
the detail design and, particularly, the porting. Motors of this type, in fractional horsepower sizes, 
commonly have free running speeds of the order of 20000 rev/min, although some may incor- 
porate governors to limit the notoad speed attained. Power-to-weight ratio is good although start- 
ing torque is low and low speed performance relatively poor. А vane motor would not, therefore, 
be used for applications requiring low and creep speeds. 





Chief applications of vane motors are: 
Fractional horsepower sizes — din air tools, multiple light duty tools, etc, 
5 


Larger sizes — larger air tools, pump drivers and general driver duties where light 
starting loads only are involved. 
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Included under the general classification ‘vane motors’ are external vane motors, although these 
are less common. The cam-vane motor, shown diagrammatically in Fig 4, is based on a single vane 
rubbing on a solid rotor, thus avoiding the uneven wear of vanes running over port openings. It is 
far more limited in performance, however, with an inherent ‘dead-spot’. Thus to provide соп: 
tinuous rotation, a flywheel type load is required; two or more such motors may be connected in 
series to promote smoother and continuous running. 


Other variations include the use of lobe-rotor designs, literally in the form of pumps or com- 
pressors working in reverse. These have been specifically developed for high temperature work, 
but have little general application. 


VALVE 


1 — Cylinder 

2 ~ Piston 

3 — Connecting rod 
4 — Rotary valve 

5 — Air channel to cylinder 





PLAIN ROTOR 


Fig 5 Typical construction of a piston- 
type air motor. 
{Atlas Copco). 


Piston Motors 

Piston motors operate at much lower speeds than vane motors because of the greater inertia of the 
reciprocating parts. Free running speed is usually 3000 rev/min or less, with maximum horsepower 
developed at 1 000—2 000 rev/min. 

The majority of piston air motors are multi-cylinder units which may be in-line, vee, H, flat- 
four, radial or other variants, There are also further variations on conventional reciprocating engine 
design, such as crankless motors employing a rotating piston-cylinder assembly with slotted piston 
ends traversing an elliptic cam ring. In the main, however, the vee is the most popular configura- 
tion for four-cylinder motors, with the radial configuration equally popular for three or more 
cylinders, Radial configuration offers some possibility of weight reduction and is frequently 
adopted for larger motors, Either an odd or even number of cylinders can be used, eg 3, 4, 5 and 6 
cylinder radials are all common types. 

The vee-four motor normally has the two cylinder banks at 90° to each other. Drop forged two- 
throw crankshafts are normally used with two connecting rods on each crank pin. Distribution 
valves may be oscillatory or rotary, there being little to choose between them. Valve timing can be 
arranged to provide equal power in each direction of rotation, or may be biased to provide asym- 
metrical timing and increased speed and power in one direction of rotation. 

The typical radial motor has all connecting rods mounted on a common crank — eg see Fig 5. 
Power and exhaust strokes are controlled by suitable distribution valves and a two-stage exhaust 
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is often adopted. In this case the inlet valve opens just after top dead centre and remains open for 
approximately 160°. The inlet valve then closes and a large primary exhaust valve opens quickly to 
release the high pressure air to the atmosphere. After a further 40^ or so of rotation, this valve 
closes and a smaller exhaust кн Opens to continue evacuation of the compressed air. Heversal of 
direction of rotation is obtained by interchanging the inlet and secondary exhaust connections. It 


should be noted that the radial configuration particularly lends itself to porting (including a shaft 
port) instead of the use of mechanically operated valves. 


Axial piston motors normally have 4, 5 or 6 pistons, but are normally only made in smaller 
sizes — eg less than 2.5 kW (3% horsepower], Thev are fast starting with high starting torque and 
reach full operating speeds almost instantly, See also Fig G. 

| 






[3 
Fig 6 Cutaway view of an axial piston 
motor. The small pistons reciprocate 
axially in sequence, 
{Gardner-Denver Co}. 


All piston motors characteristically develop high starting and initial torque, falling with increas- 
ing speed. Both torque and bhp are directly dependent on supply air pressure. Starting, optimum 
running and stall torques are generally related to supply |pressure as shown in Fig 7. Torque char- 
acteristics can be modified to some extent by detail design, eg valve timing and valve sizing. As 
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Fig 7 Characteristics of globe RM10 
heavy duty radial piston motor, 
{Denver Fluid Power], 
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they are positive displacement machines, air consumption is directly related to speed, ie the air 
consumption/speed curve is substantially linear for any given supply pressure. Power output is of 
the order of 5—10 kW/dm? cylinder volume, depending on the size and design. 

Running speeds are generally low to moderate, although smaller piston motors may be designed 
to run at high speeds. In this case speed reduction with torque multiplication may be incorporated 
via reduction gearing to an output shaft. 

The overall characteristics of piston motors make them suitable for an extremely wide range of 
applications. With modification, standard designs can often work satisfactorily down to supply 
pressures as low as 0.35 bar (5 Ib/in? ). Continuous lubrication is essential and the method of lubri- 
cation will depend largely on the individual design and the need (if any) for separation of the 
various lubricants used. Thus a lubricant containing an emulsifying agent may be desirable in 
cylinders to prevent 'water washing', but would not be suitable for splash lubrication in a crank- 
case. 

Variations on piston motor designs include swashplate motors, face-cam motors and other 
forms of axial piston motor. In general such designs have been largely superseded by vane motors. 


Turbine Motors 

The small turbine is essentially a very high speed motor, capable of generating only minimal 
torque. Torque, in fact, is virtually negligible, except at mid-speeds, with maximum speeds of the 
order of 50000 to 80000 rev/min. Applications are thus distinctly limited. Torque multiplication 
by reduction gearing is not a viable proposition, because the load involved would be of the same 
order as the torque available. Hence the main application of small turbine motors is where very 
high speeds can be used with direct drive against comparatively light loads — eg high speed pencil- 
type grinders and dental burrs. Like other types of air motor a turbine can, of course, be stalled 
without damage. Some turbine motors may be fitted with mechanical governing devices to limit 
the maximum speed which can be attained. 

Turbine motors operate with clearances throughout, with no sliding or rubbing parts other than 
the spindle bearings. Bearing friction is thus the limiting factor governing free running speed. 
Turbines can operate equally well on dry air (fe without lubricated air), provided the bearings are 
self-lubricating or have separate lubrication. This can be an advantage in specialized applications. 


Impulse Turbine Motors 


Originally developed in the 50 W — 2.25 kW (1/16 — 3 hp) range, very much larger turbine 
motors are now finding increasing application in sizes from 3.75—70 kW (5—95 hp). These are 






137 shaft horsepower impulse turbine air 
motor 
(Tech Development Inc). 
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normally single-stage impulse turbines couple | toa planetary gear reduction set. They are directly 
competitive with vane and piston motars, being smaller and lighter with the same size. They are 
normally used with reduction drive output, giving high stal) and starting torques. 


Diaphragm Motors 

A diaphragm motor is basically a reciprocating device with limited stroke. Rotary output motion is 
derived via a ratchet and pawl — Fig 8. Essentially speed of working is low, but very high torques 
may be developed. For example, for the same amount of air consumption a diaphragm motor is 
capable of developing up to 800 imas the torque of an ungeared vane motor, or up to 40 times 
the torque of a piston motor. Drive output is normally fractional horsepower, however, because of 
the low speed of working. 

This diagram shows a typical valve chest associated with the diaphragm movement. The centre 
of the diaphragm is rigidly attached to a rod, one end of which forms the thrust shaft while the 
other admits high pressure air to the diaphragm chamber and then opens the chamber to exhaust 
as saon as the diaphragm has beep displaced over its maximum travel, The return mation of the 
diaphragm may be driven by compressed air in both directions, /e high pressure air being admitted 
alternately to each side of the diaphragm, with corresponding provisian to exhaust each side of the 
chamber in opposite phase. The power chamber is completely sealed, enabling the motor to be 
operated on very restricted air flaws so as to produce extremely low speeds with no loss of thrust 
or torque. Further, since the thrüst is always acting tangentially to the ratchet wheel, there is a 
litte variation in the torque generated throughout a cycle, which enables the motor to be 
accurately positioned at any point on the working stroke. 


Typical performance characteristics are as shown in Fig 9. Very high initial torque is available, 
torque falling off rapidly with inareasing speed, although the speed range is strictly limited. Peak 
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bhp is normally developed at circa 20 rev/min for motors of this type. In addition to the ratchet 
wheel diameter size variation (which affects speed as well as torque), motors of this type are also 
produced with two and three diaphragms operating on the same shaft to increase the thrust and 
final torque. 

Diaphragm motors are particuarly suitable for high torque, low speed applications — eg for 
valve actuators. Here, high initial torque is required to crack open the valve. The failing load will 
then enable the motor to build up to a good running speed when the pressure differential across 
the valve has dropped. Additionally, if used as a valve positioned on an automatic control system, 
the maintenance of output with restricted supply air flow maintains full power operation of the 
valve as the balanced condition is approached. Diaphragm motors can, of course, also be used 
directly as vibrators. 

Diaphragm motors are particularly efficient (although less so if the diaphragm is driven in both 
directions by pressurized air), and because of the null-leakage characteristics, air consumption is 
directly related to bhp or speed, but not torque. 


Gear Motors 

Meshing gear motors are a further type, but are not directly competitive with piston or vane 
motors. The relatively low efficiency (high leakage loss) of straight spur gears can be largely over- 
come by employing helical gears. 

Gear-type air motors are generally characterized by moderate running speeds, typical operating 
speeds being of the order of 1500 to 3 000 rev/min with direct drive. Output speed can be reduced 
and torque multiplication obtained by the use of reduction gearing. The application of gear-type 
motors is, however, strictly limited and few commercial versions are produced. An exception is the 
modern LSHT (Low Speed High Torque) motors developed specifically for pneumatics. 

The description gear motor is also given to rotary vane motors fitted with multiple reduction 
gearing. 

LSHT Air Motors 

Low Speed High Torque (LSHT) air motors are a comparatively new development, derived basic- 
ally from LSHT hydraulic motors of internal gear type with lobe rotors of spacial form (eg 
'Gerotor'), The pneumatic equivalents are considerably modified in detail design and generally use 
different constructional materials (eg hard coated aluminium in conjunction with engineering 
plastics). 





Tach yon Gerotor cutaway 
illustration. 
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Primary characteristics are ju low running speeds (20—160 rev/min) and positive displace- 
ment characteristics with very high torque (including high starting torque). Essentially, in fact, 
thay can be considered as torque-generating motors rather than power drivers in the conventional 
sense, 


Compressed Air Supply 

Most air motors are designed to operate off standard industrial air supplies, with power ratings 
given for a supply pressure of 6.2 bar (90 Ib/in? ). It is a basic requirement that the air supply be 
clean and dry to prevent possible motor damage. Commonly an air motor is used with a combined 
air filter, pressure regulator and lubricator immediately preceeding it in the branch air line to 
regulate and condition the air delivered to the motor. 


Control of Air Motors 

The control of any air motor is usually simple and direct. For most applications an ordinary 
throttling valve is adequate for variable speed control in conjunction with a four-way valve if 
reversing is required. This will provide full control of both speed and direction, Special control 
valves are normally employed, however, rather than standard air line control valves, in order to 
realize the optimum characteristics of the motor (/e to achieve progressiva inlet and exhaust open- 
ing). Idling speed can be controlled by throttling or by а centrifugal governor which keeps the 
speed constant — see Fig 10. 


Whilst the speed/torque characteristics are largely determined by the type of motor, most 
manufacturers offer a range of gearboxes for direct (or integral) coupling to their motors, thus 








Тогаце Fig 10 Characteristics of ungeared (left) 
and geared vane-type air motor. 
(Atlas Copco). 
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providing a range of speed/torque characteristics from a single unit. Another accessory commonly 
offered is an automatic brake for use in lifting, hoisting or similar duties. 


There is no limit to the number of times an air motor can be started, stopped or reversed except 
that incurred by the speed of operation of the control valve. Air motors accelerate rapidly and will 
run as fast as the air supply and load resistance permit. Speed can be controlled by simple throttle 
or pressure regulating valves which adjust airflow rate or pressure respectively. The possible speed 
regulation is normally down to 1096 or better of the full-throttle full-pressure speed against a given 
load. When controlled to any particular speed, however, actual running speed will vary if the load 
varies. 


Exhaust 


For normal industrial applications exhaust is vented directly to atmosphere via a silencer, In ‘clean’ 
areas it may be desirable or necessary to remove fine oil mist from the exhaust air by fitting a suit- 
able filter. In ultra-clean areas the exhaust can be led outside the building. In this case a suitable 
size of exhaust line must be fitted in order to avoid excessive backpressure which would otherwise 
reduce the power of the motor, 


The exhaust from an air motor is inherently noisy, which may call for the use of an exhaust 
silencer in particular applications. Absorptive type silencers offer the least back pressure (and thus 
lowest power loss). Other types used include conventional automotive-type silencers, dissipative 
silencers and phase-shift silencers. See also chapter on Noise Control . 


Summary of Performance Parameters 


Broadly speaking, the torque and power characteristics of an air motor can be regarded as similar 
to those of a permanent magnet or series wound d.c. electric motor, with maximum torque at stall, 
decreasing substantially linearly with speed, Maximum power is then achieved at around 75% of 
the free running (no load) speed. With the application of load, the running speed decreases (from 


TABLE |! — PERFORMANCE PARAMETERS 


Maximum Speed Reduction Speed Torque 
Power at Gearing Control with 
Developed Maximum Practical Falling 
at (%) Ма Power Speed 
Load 

rav/min* 


Vane High Low Air pressure | Rising 


Piston Low to Medium Air pressure | Rising 
moderate to high 


Diaphragm Very low Extremely Air flow rate | Rising 
high steeply 


Turbine Extremely Extremely Air pressure | Falling 
high low 


Gear Moderate Air flow rate | Straight 
and air 
pressure 


Lobe rotor Essential Air pressure | Falling 


Linear Exhaust 
restriction 





* Approximate guide only tWithout exhaust restriction 
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the free running condition) until the torque balances the load. With a constant load, speed can be 
further adjusted by variation in air pressure supplied, On the other hand, with varying load the 
motor speed will continually adjust ta the load. These basic characteristics are modified in detail 
by the type of air motor concerned and the specific design characteristics — see Tables |, 11 and IH. 


TABLE 11 — AIR MOTOR — AIR CONSUMPTION FIGURES AT MAXIMUM POWER 


| | 
Мотог Туре Air Consumption per kW Air Consumption with 
l/sec ft {min Increasing rev/min 


Vane - small Rising 


Vane — large Rising 


Piston Rising 
Link-type piston Rising 


Turbine — larga 4 Constant 
(geared) 






FORWARD 
OR OUTSTROKE 


Fig 11 Reciprocating air motor. 
(Martonair). 


STAAT OF RETURN 
OR INSTROKE 


1 
Linear Motors 


The linear motor is essentially а double-acting cylinder associated with suitable control gear to 
provide automatic reversal at the end of each stroke and thus continuous reciprocal motion. This 
control may be initiated by mechanical triggering, or pneumatic or electronic signalling (eg con- 


trolling a pilot-operated or solenoid-operated valve respectively) — Fig 11. 
The reciprocating output of the cylinder (ге rod movement) may be used directly or to drive a 


crank for final rotary output. In the latter case, the crank throw must obviously be matched to the 
stroke available, or rather the crank throw will, in fact, govern the actual cylinder stroke achieved, 
The versatility of the linear motor may be furi improved by providing variable speed of 
stroking. This is usually done by fitting adjustable restrictors on the exhaust side controlling the 
rate of escape of pressurized air from the non-pressurized side of the piston, and thus the back- 
pressure, which effectively controls the speed. 

Strictly speaking, a linear motor adapted to rotary final output is no longer a linear motor as 
such. Connected to a crank mechanism it is really a single cylinder piston motor and its character- 
istics will be similar, If a short stroke cylinder is used, coupled to a ratchet drive, then its perform- 
ance characteristics will approximate to those of a diaphragm motor. 


See also chapters on Lifts, Hoists and Winches and Turboexpanders. 





SECTION 2e 


Ancillaries 
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Seals 


SEALS FOR air cylinders and valves are not normally called upon to seal pressures higher than 
about 10 bar (150 Ib/in'}. However if the fluid to be sealed is a gas, rubbing speeds tend to be 
high, and the seal may ^ave to be operated under 'dry' conditions with minimal lubrication. 
Further adverse operating factors are the relatively low differential pressure available to ‘energize’ 
flexible lip seals, the deteriorating effect of oxygen on seal materials in general, and the high 
operating temperature that may be involved in certain pneumatic services. 

Basically the requirement is for a high conformity, low friction seat for pistons and piston rods. 
This favours the use of O-rings for smaller cylinder sizes (and for valve seals), and the ‘softer’ types 
of pressure-energized seals for larger sizes. The air permeability of the seal material is also 
important. 

In the case of a seal operating dry, or substantially dry, the apparent permanent set of an elasto- 
meric seal may appear much higher (typically twice as high) than that of the same seal used as an 
oil seal, This may call for greater initial interference when assembling the seal, and subsequently 
higher initial friction during the first period of running when the permanent set is taken up. 
Selection of a suitable interference is more difficult, and errors may cause the seal either to 
continue to bind and develop high friction and wear or to run in a loose fit with consequent leak- 
age. A permanently binding seal is more likely than a ‘loose’ seal, particularly if the seal is pro- 
portioned as a 'dry' type and subsequently lubricated by oil-mist or oil-fog. Only a proportion of 
the seal will operate under oil-mist or oil-fog conditions, unless provision is made for the amount 
of swell the seal is likely to undergo during its ‘conditioning’ period. This period may, in some 
cases, extend to several weeks of operation. 

A period of immersion in fluid may also leach out a proportion of the plasticizer in the seal. If 
the seal is subsequently allowed to dry out it will shrink, For a dry seal, therefore, the material 
may have to be chosen specifically for a small amount of permanent set so that interference is not 
reduced too drastically in service. Seal sets and packings which can be adjusted can thus offer very 
real advantages in certain applications, although adjustment of packing pressure is not necessarily a 
satisfactory answer where consistency of performance is required. It may provide a means of 
adjusting sealing, but the friction will be modified both by the varying seal pressure and a variable 
coefficient of friction. 

Specialized pneumatic seals are usually designed for simple assembly. In general the aim is to 
provide increased flexibility in the section design, with particular attention to conformation at the 
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seal lip to provide maximum retention of the small amount of lubricant generally found in pneu- 
matic applications. Increased flexibility of the lip can also reduce friction. At the same time the 
section must be stable enough to prevent spiralling or 'roll over' when sealing reciprocating 
motions. 

Further improvements can be realized by development of specialized elastomers, ‘tailored’ for 
optimum hardness, flexibility and resistance to compression set, and for maximum compatibility 
with the temperature, pressure and lubricants normally involved in pneumatic systems. 


O-Rings 

As a general rule O-rings are best suited for smaller sizes and lighter duties as reciprocating seals, 
although this is by no means an overall recommendation. о. -rings have been used successfully both 
as rod seals and piston seals on relatively larga cylinder sizes, The main requirement is that the O- 
ring be used within its rating or capabilities, and mounted i ina properly matched groove. 

The conditions most favourable to O-ring reciprocating seals are a short stroke; adequate lubri- 
cation; and moderate rubbing speeds, Conditions unfavourable to O-ring reciprocating seals are 
side and bending loads causing eccentricity of the moving system and high unit loads; very slow 
reciprocating speeds; and very low pressures accompanied by slight leakage. Both the two latter 
conditions tend to develop very high friction which can be damaging to the seal. 

One basic limitation of the O-ring seal is that it normally performs best under conditions of 
adequate lubrication, With lack af lubrication rubbing friction can approach the static friction 
holding the ring in its groove. This can mean that some parts of the ring slide whilst others roll 
simultaneously, leading to excessive twist developing in the ring, promoting spiral failure. 


U-Rings 

The U-ring suitably proportioned and in a relatively soft rubber, is capable of providing particu- 
larly good sealing with low friction at low pressure. Desirable features are thin lips for respanse to 
pressure energization, generous length for good flexibility, with the lips themselves designed to 
have low lip loads for low friction and at the same time enough contact area and preload for good 
sealing. А square heel section is also preferable to minimize heel wear and ‘nibbling’ (Fig 1). 

U-ring seals and various modified forms developed specifically for pneumatic services — eg rod 
and piston seals — therefore tend to differ in cross section from similar seals intended for hydraulic 
duties. 

A modified form of U-ring developed specifically as a pneumatic seal is the Gasco H-7, shown in 
Fig 2. This has long, thin lips бој good flexibility), rounded lips for maximum retention of lubri- 










cant, and generous interference for good sealing. 

Radius lip farm Ample interference 
for retention of for hood sealing 
oil film Low lip 

loads for 

low friction 
Thin lips far Thin base to 
improved give lang lips 
flexibility within limited 


height 


Fig 1 Basic requirements for a U-ring 
pneumatic seal. Fig 2 
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A considerably more elaborate section, which in effect is a rocking U-ring, is the Trist 
'Pneuflex' seal, shown in Fig 3. This incorporates a Y-shaped section which can ‘rock’ about the 
base of the main U-section when assembled. 


ШШ 
——— 





Trist "Pneuflex' pneumatic seal. 


Fig 3 '"Pneuflex' pneumatic cylinder seal (Trist). 


C-Rings 

C-rings employ similar sections to U-rings, except that one leg is shortened and the other extended 
into a more flexible form of lip seal, This leg only provides the sealing action, hence C-rings are 
made in either external form (for rod seals) or internal form (for piston seals). 

A number of proprietary rings have been developed from this section form, including more rigid 
sections for heavy duty working where the lip is formed by a V-shaped notch in the section and on 
the shorter limb, These are sometimes called automatic sections or distributor seals. They can be. 
used singly or in sets. In the latter case their rigidity may be insufficient for them to be fitted with- 
out headers. True automatic sections (distributor seals) work on the principle of a compression 
seal, the sealing face being the solid limb opposite to the lip, although the section is also pressure 
energized — eg see Fig 4. 


Jil ATR 
ЕЕ "- 


“С RINGS AUTOMATIC 
Fig4 


Special Sections 

Modified U-ring forms, C-rings and modified C-rings, and other special sections may also be used 
for piston and rod seals on pneumatic cylinders. А number of these have been specifically 
developed for pneumatic services. An example described as a ca/iper seal is shown in Fig 5. This is 
intended as a direct alternative to an O-ring, fitting in a simjlar groove, and having similar dynamic 
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Pressure 





Fig 6 (а) lb! 
Internal type External type 





triction to an O-ring, but much lower break-out friction because of the much lower cross section 
nip and greater flexibility. Small grooves on the inner diameters of the seal allow air to enter the 
seal and actuate the opposite lip against the side of the groove. The seal is thus fully pressure- 
energized under both static and dynamic conditions, and will seal in either direction. 


Camposite Seals 


Composite ‘hard’ rings may also be employed for specific applications, or where favoured by a 
particular designer. These take the form of a rigid ring section, which provides the rubbing and 
sealing surface, combined with a pliable cushion ring. The ‘hard’ section may be of metal or some 
other low friction material (eg PTFE). They are essentially compression seals, with resilience 
imparted by the cushion section. A possible advantage with rings of this type is that they are 
capable of acting as bearings as well as seals, with an ability to accommodate side loads and 
provide an automatic 'self centring' action. 

A particular example here is the combination of an O-ring with a rigid PTFE ring, the latter 
providing a low friction sealing surface irrespective of whether or not lubricant is present. This 
type of seal can be either an internal or external type (Fig 6) and is produced by various manu- 
facturers under different names (differing in the form of the PTFE ring). Best known in Britain is 
the (Angus) Slip-O-Ring. A comparison between the performance of this type of composite ring 
and a conventional O-ring is shawn in Figs 7 and B. Here it is interesting to note that the static 
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friction is similar to that of an O-ring, although its performance under dynamic conditions is 
superior. Also noteworthy is that at very low pressure, lip type packings show the lowest friction 
(Fig 7). In this case, however, increasing pressure increases the lip area in contact and substantially 
increases the friction. 


TABLE IA — STANDARD TYPE PISTON SEALS FOR AIR CYLINDERS 


Light Duty Cylinders* Medium Duty Cylinders* Heavy Duty Cylinders* 


Remarks Remarks 


Suitable for small Single for single-acting Single or back-to-back, 
cylinders cylinders. 

Back-to-back for 

double-acting 

cylinders, 


Single for single- As cup above Single or back-to-back 
acting cylinders. 

Back-to-back for 

double-acting 

cylinders 


As cup above Chevron set, single 
or back-to-back 


Automatic type piston 
rings for high 
température services, 





"Proprietary seal dasigns commonly preferred 


TABLE IB — STANDARD TYPE ROD SEALS FOR AIR CYLINDERS 


Light Duty Cylinders Medium Duty Cylinders* Heavy Duty Cylinders* 


Remarks Remarks Remarks 


O-ringis) | Small cylinders U-ring(s) | Single or back-to-back 


Quad- Small cylinders With or without | C-ring{s) 
ringis} support ring 


Hat Alternative to 
collar seal 


Collar Better resistance to Single or in set V-ring{s} Chevron sats, single 
scuffing than hat or back-to-back 
seal 


U-ring Larger cylinders Compres- | High temperature 
sion service and some 
packing arduous duties 





* Proprietary seal designs commonly preferred 
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Rod Seals 

Largely because of the considerable difference between rod and cylinder diameters, different types 
of seals may be used on the rod and piston in pneumatic cylinders. Some manufacturers also make 
available alternative types of seals with a given cylinder design. Even the use of packed glands or 
similar compression packings for rod seals is not entirely excluded from modern practice, despite 
their much higher friction thar pressure energized seals. There are also applications where 
relatively high friction on the rod can be an advantage, eg to add stiffness to the movement in the 
case of a vertical air cylinder used to raise a welght. 

An additional seal on the outside of the rod seal is also commonly used. This is a wiper seal, 
the duty of which is to scrape over the entering rod surface and remove dirt, etc, which may have 
collected on it, thus preventing it being drawn into the main rod seal where it could be retained to 
cause wear. Wiper seals can take the form of simple single lip seals, metallic scraper rings bonded to 
an elastomeric section, thin elastomeric sections backed by metal to provide support and rigidity, 
or even simple compression seals, (eg felt rings). Polyurethane rubber wiper rings are finding 
increased favour because of their good wear and abrasion resistance properties. A gaiter may also 
be added for positive protection where the cylinder is used in particularly dirty conditions, or used 
in place of a wiper. 


Example of superior recovery of ‘special- 
ized’ preumatic-duty elastomer. 





fa} {b} 
Pneumatic packing in H7 — Pneumatic packing in conventional 
material shortly after release material shortly after release 
Rubbers (strictly comparative time). 


Nitrile rubber is the usual choice for elastomeric seals, except when extremes of temperature may 
be encountered. Both the high temperature and low temperature performance of nitrile rubber 
can, however, be improved by compounding, although not usually both together. Thus, in order to 
obtain good low temperature characteristics with a nitrile rubber it is usually necessary to sacrifice 
some higher temperature characteristic, such as oil resistance. 


Hardness values for rubber seal materials may range fram soft (40—45") to very hard (90—95°). 
Choice of suitable hardness is largely a compromise, А low hardness improves conformability and 
reduces break-out friction with dynamic seals, and is particularly desirable with low-pressure, 
pressure-energized seals (/e pneumatic seals). А high hardness shows lower rubbing friction and 
reduces susceptibility to wear, abrasion and extrusion, Rubbing friction, however, will also be 
dependent on the degree of interference or ‘squeeze’ present, which for adequate sealing may need 
to be appreciably greater in the case of a hard rubber than a soft rubber. 

A guide to rubber selection for service temperature involved is given in Table ||. Temperatures 
above 150°C (300°F) demand tha use of more sophisticated (and more expensive) rubbers, if an 
elastomeric seal is to be used. All modern rubbers, however, have a generally good low temperature 
performance down to —30°C or below. 

The permeability of elastomers to air is also temperature dependent — see Table 111, Here, in 
fact, it will be seen that silicone rubber is the least favourable material, At normal ambient temper- 
atures the permeability of all other elastomers is low and roughly similar, 
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TABLE Il — WORKING TEMPERATURE RANGE OF TYPICAL ELASTOMERS 


Butyl rubber -60 —50 200 95 


Ethylene propylene 300 


Nitrile ~ "85" 225 110 


Nitrile — "70" 200—250 95—120 
Nitrile — "80° 225—300 110-150 
Nitrile — *90° 300 150 
Neoprene 300 150 
Polyurethane 300 150 
Silicone "60° 450 230 
Silicone *70^ 450 230 
Fluarosilicone 450 230 


Viton 450 230 





*Shore hardness 


TABLE 111 — AIR PERMEABILIT Y pr ELASTOMERS 
(Permeability coefficient О x 10° ст“ /sac/bar} 


Temperatura °c 
Elastomer 100 120 


Acrylic 

Buty! 
Neoprene [Cr) 
Nitrile 

SBR 

Natural rubber 
Silicone 


Fluaracarbon 


Polyurethane 





Pressure Gauges 


COMPRESSED AIR systems normally operate within a pressure range up to 10 bar (140 Ib/in? ). 
Where indication of pressure is required a Bourdon gauge is the usual choice, a typical construction 
being shown in Fig 1. 





Fig 1 Typical arrangement of Bourdon gauge. 


The basic element is a thin walled tube, slightly flattened in section and bent into a "С" shape. 
One end is fixed and the free end is sealed and attached to a mechanical linkage. Application of 
internal pressure to the tube causes it to straighten by an amount directly proportional to the 
internal pressure, The resulting movement of the free end is transmitted via the mechanical linkage 
to rotate a pointer associated with a graduated dial. This mechanical movement involves multipli- 
cation so that something like 300° of pointer rotation is achieved over the working pressure range 
of the gauge. 
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Accuracy achieved with a Bourdon tube gauge can be af the order of plus or minus 24% of 
the full scale deflection. Greatest accuracy is normally achieved at the upper end of the scale. Thus 
selection of a Bourdon tube gauge should be based on pressure range where the normal reading 
point will be toward the upper end of the scale. Consistency of performance, however, is related 
to the fatigue characteristics of the tube material and some drift is inevitable with time. As а 
general rule, therefore, Bourdon gauges need regular checking and recalibration as necessary when 
in use. 


Bourdon gauges are susceptible to mechanical shock and pressure surges and should be 
protected against both forms of disturbance. A simple method of protection against pressure 
surges is to fit a snubber or restrictor in the feed line. in severe cases, mechanical throttling, or a 
shut-off-device, responding directly to any sudden increase in pressure, may be employed. 


Another possible source of trouble is blocking of the tube by contaminants in the fluid, To 
obviate this a diaphragm type seal can be incorporated in the inlet or feed, The Bourdon tube is 
then filled with clean fluid (usually oil} which is isolated from the working fluid, the pressure of 
the latter being transferred to the Bourdon tube through the flexible seal. This principle can be 
extended by employing a diaphragm unit or capsule as a transmitter, separate from the Bourdon 
gauge and connected to it by a length of tubing. A distinct advantage offered here is that the gauge 
itself can be distant from the transmitter without affecting the accuracy of the reading. 

Modifications to the original form of element include the use of helical tubes, some examples 
being shown in Fig 2. 






Section A-A 


us 
о. | 
(bi 


(a) C-tube Spiral 
(<>) Л) 
| (== Fig 2 Bourdon tubes 
(Schaevitz) 
{с) Нейса! (9) Twisted 


The spiral tube is similar to the C-tube, except that its radius of curvature changes along the 
length of the tube, creating a greater length of tube for a given circumference. The number of 
turns jn the spiral vary. Because the active length of tube is larger, the arc length of stroke is 
greater. A straight-line pickoff from this larger angle of sweep causes a larger non-linearity in out- 
put displacement than with a C-tube. 

The helical tube permits a long tube length for a given radius of curvature, The average tube has 
from two to six turns. The movement of the tip is greater than that for the C-tube and is more 
nearly circular. The increase in length of the helical tube while pressurized is negligible. The travel 
of the tip lies in a plane perpendicular to the centre line of the helix, increasing as the active tube 
length increases. The tip travel is in the same order of magnitude (per unit length of tube) as an 
equivalent C-tube. 
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The twisted tube maintains a straight centre line along the length of the tube but is twisted 
about the centre line at a uniform rate. The expansion ofthe tube by internal pressure causes the 
tube to unwind angularly about the tube centre line. The angle of rotation is proportional to 
applied pressure. The change in tube length when the tube unwinds is negligible. Different angles 
of twist alter the angular rotation for any given pressure and length of tube. 


Electronic Pressure Gauges 


Electronic pressure gauges employ a pressure transducer normally connected into a resistance 
bridge network, followed by an amplifier. Pressure may be indicated by a meter or, in modern 
designs, through a complementary circuit with digital readout via light emitting diodes. The 
pressure range depends on the type of transducer used, but the general range covered by instru- 
ments of this type is 0—700 bar (0– —10000 Ib/in? ). Accuracy again depends mainly on the trans- 
ducer and normally compares favourably with, or is better than, a comparable Bourdon gauge. 
Accuracy is normally maintained to within + 1% of the maximum pressure rating of the trans- 
ducer. 


Diaphragm Pressure Gauges 

Simple diaphragm pressure gauges are suitable only for the measurement of relatively low 
pressures, eg typically up to 1 bar (14.5 Ib/in? ), They are, however, particularly sensitive devices 
and well suited to the measurement or detectíon of small differential pressures fed to either side 
of the diaphragm. А simple diaphragm gauge of this type is shown in Fig 3. The travel of the 
diaphragm, and thus the stroke available to operate an indicating movement, is dependent on the 
cross sectional form of the diaphragm and its diameter. Extreme movement may only be obtained 
at the expense of loss of linearity of movement. 
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The stroke of a single diaphragm gauge can be extended considerably by employing a slack 
diaphragm, made from a suitable limp material such as nylon, oiled silk or thin leather. Such a 
diaphragm requires biasing with spring pressure opposing the direction of applied pressure {or of 
the highest applied pressure) and stops to limit the movement. The particular advantage offered by 
a slack diaphragm is the large diaphragm area which can be exposed to pressure, making the unit 
particularly sensitive for the measurement of very low pressures. 

Metallic diaphragms offer the possibility of working at higher pressure ratings, although the 
movement of stroke is largely dependent on the extent of corrugation, for a given diameter. Per- 
formance can generally be improved, both as regards stroke and pressure sensitivity, by fabricating 
a series of diaphragms in the torm of a bellows, although here the contour adopted can have a bear- 
ing on linearity of stroke, and vice' versa. 
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Welded metallic diaphragm gauges, based on a built-up bellows shape or series of capsules, are 
mostly used for pressure measurements within the range 25 mm wg to 0.35 bar (1 inch wg to 5 
Ib/in? ). In the case of capsule types, the capsules form hermetically sealed chambers which may be 
partially evacuated to render the element more sensitive — eg the type of element used in an 
aneroid barometer. 


Bellows type elements formed from thin-walled tubing have a higher pressure rating, and such 


elements may be used in several ways. For pressure measurement within the range of 0.35—2.50 
bar (4—50 Ib/in?), or vacuum pressures up to 762 mm Hg (30 in Hg} an open ended bellows is 
commonly used, enclosed within a chamber. Pressure is then applied to the chamber, with mech- 
anical movement derived from the free end of the bellows. This basic layout may be further 
modified by the application of spring loading, opposing the movement produced by the pressure 
force. This expands the bellows where the applied pressure to be measured is positive, and con- 
tracts the bellows in the case of measurement of vacuum, (See also Fig 4). 
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Sensitivity may be improved by the use of additional bellows to apply spring bias. Alter- 
natively, matched bellows may be used, each in a separate sealed chamber. The interiors of the two 
bellows are then interconnected and filled with a liquid with a high bulk modulus, such as oil or 
water. Pressure is applied to one chamber, and causes a contrary movement in the other bellows 
due to liquid displacement, thus doubling the mechanical movement available from the applied 
pressure. Alternatively, if one of a pair of matched bellows is evacuated and sealed, and the other 
is connected to the pressure source, the movement will read absolute pressure directly. 


Vacuum Gauges 


Conventional pressure gauges of the capsule or bellows type may be suitable for pressure measure- 
ments down to 25 torr. This pressure range is generally referred to as low vacuum. For higher 
vacua, /e lower absolute pressures, special vacuum gauges are employed. 

The Mcleod gauge 15 a special form of mercury manometer with three limbs, one of which is 
sealed at the top. Pressure is determined by measurement of the degree of compression of the gas 
trapped in the sealed limb. The normal pressure range of such a gauge is from 10 torr down to 107 
torr, It is more suitable for laboratory work rather than as an industrial instrument, but more 
rabust and easier to use gauges working on a similar principle have been developed for general use. 

The Pirani gauge is based on the behaviour of a heated wire element enclosed within a suitable 
gas chamber and connected to a Wheatstone bridge circuit, The principle involved is that the 





248 PRESSURE GAUGES 


thermal conductivity of the gas, and thus the temperature of the wire supplied with a constant 
heater voltage, is pressure dependent. This change is indicated as a change in resistance of the wire 
element, measured on the bridge circuit. Correction for ambient temperature can, if necessary, be 
arranged by installing a second gauge in the opposite arm of the bridge. Normal range of a Pirani 
gauge is from 5 torr down to about 107 torr. 

Thermocouple gauges have also proved suitable for pressure measurement іп the range 10°! to 
10% torr. These work on a similar principle to the Pirani gauge, except that the temperature of the 
element is measured directly (by! hermocouple reaction] rather than indirectly as a change in resis- 
tance. | 

For measurement in the higher ranges ionic or radionic gauges are normally employed. These 
are specialized devices giving meticulous calibration and control {eg the use of stabilized circuits}, 
Degassing can also be a problem, upsetting the calibration and sensitivity of such gauges at high 
vacua. Measurement range is, however, readily extended down to 10° or 107 torr. 


Gauge Pressure 
Pressure-measuring devices normally measure the difference between applied pressure and atmos- 
pheric pressure and thus indicate gauge pressure {ог vacuum pressure in the case of a vacuum 
gauge). The equivalent absolute pressure is then given by relating this reading (gauge pressure) to 
zero pressure as a datum — seo| Fig 5. Thus in the case of positive pressure (above atmosphere) 
absolute pressure is the sum of the gauge pressure and atmospheric pressure (normally assumed to 
be 1 bar or 14,5 Ib/in? ). 

Since pneumatics is normally concerned with gauge pressures of a relatively low numerical 
order (eg less than 10 bar), the difference between absolute pressure and gauge pressure can be 
significant. 


GAUGE 
PRESSURE 
ABSOLUTE 
PRESSURE 
ATMOSPHERIC PRESSURE 
5 ^. F4 
VACUUM PRESSURE 


Fig 5 


ZERO PRESSURE 
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Pressure Units 


The standard pressure unit employed in pneumatics is the bar or 105 N/m? . This is slightly differ- 
ent from the original metric pressure unit kg/cm? although this difference can be ignored for most 
practical purposes, 

1 bar = 1.02 kg/cm? = 14.5 Ib/in? 

1 kg/cm? = 0.98 bar = 14.2 Ib/in? 
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The definition of a standard atmosphere (atm) remains as 1 013 250 dyn/cm? , whereas 1 bar 
= 105 dyn/cm’. 
Hence 
1atm = 1.013250 bar 
= 14.695975 Ib/in? 
= 1.0332299 kg/cm? 


The technical atmosphere (at) is also still used in Continental Europe, equivalent to a standard 
atmosphere pressure of 1.0 kilopond per cm? (kp/cm? ). 
Here approximate equivalents are:- 


lat = 1.0 Крст 
= 0.998 kg/cm? 
= 0.978 раг 
= 14.2 Ib/in? 

1 Баг = 1.022 at 

1 ат = 0.965 at 


Differences can thus arise in numerical values of compression ratios calculated on the basis of 
the bar being adopted as the nominal equivalent of standard atmospheric pressure, compared with 
the use of atm or at. 


The most convenient (and generally accepted) pressure unit for vacuum measurement is the 
torr, corresponding to an absolute pressure of 1 millimetre of mercury. Normal atmospheric 
pressure is 760 torr. Various other units may be quoted, however, eg 


Microns or Micromillimetres — where 1 micron equals 10° torr 

Millibars — where 1 torr equals 1.33 millibars, or 1 millibar equals 0.75 torr 
Microbars — equivalent to dyn/cm? or millibars x 10? 

Рег cent vacuum — which may be defined as — 


760 — pressure in torrs 
7.6 


Empirical units — such as mm of mercury (mm На), inches of mercury (in Hg), inches of 
water, etc, 
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Air Flow Measurement 





METHODS ОЕ air flow measurement are detailed in 851571:1975 Part 1, The method normally 
employed is testing with a standard nozzle on the delivery side together with a perforated plate 
at the inlet flange of the approach pipe to smooth the flow — Fig 1. A receiver of adequate size 
must be fitted between the compressor and control valve to dampen any pulsations and thus 
ensure accurate flow measurement. 


Fig ! BS perforated plate for flow 
smoothing. 





hoan 
bà c 


Where the pressure drop across the control valve is substantial (not less than 30% of the up- 
stream absolute pressure), an adequate capacity receiver is one which would contain, at the 
receiver pressure, the output of the compressor or exhauster during 50 complete pulsations. 

Where the pressure drop across the control valve is less than 30% of the upstream absolute 
pressure or where no control valve is used between the receiver and the nozzle, a larger receiver 
may be necessary. 

Other damping arrangements may be used provided that it can be shown that no pulsations 
exceeding +2% of the differential pressure ara occurring at the nozzle inlet. 

The pipe connecting the machine and the receiver should be as short as possible to minimize 
the risk of false readings due to resonance effect. 


Testing may be done with the nozzle on the delivery side, or the intake — see chapter on 
Compressor Acceptance Tests. In both cases pipes and nozzle are circular in section. Pipe flanges 
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are preferably faced so that a metal-to-metal joint is made with the nozzle. If jointing material is 
used between the flanges and the nozzle its thickness must not exceed 1.6 mm and the inner 
diameter of the joint ring must be not less than the appropriate value of dimension G given in 
Table |. 


Testing with Nozzle on the Delivery Side 

The control valve may be either the same nominal size as the nozzle approach pipe or smaller, The 
latter may be preferred for ease of control, and it should then be connected to the nozzle 
approach pipe by a cone piece. In either case a perforated plate must be fitted at the inlet flange of 
the approach pipe to smooth the flow, which leaves the control valve in a violently turbulent con- 
dition. The perforated plate must have an hexagonal pattern of holes drilled in the central portion, 
the centres of the holes being uniformly spaced and located at the corners of equilateral triangles. 
The number, size and spacing of the holes, and thickness of the plate are specified in Table |. 

The pressure drop across this perforated plate is about four times the nozzle head, hence if it is 
desired to test ир to the maximum nozzle head of 1000 mm Н„ О, the minimum pressure needed 
would be about 0.5 bar gauge if discharging to atmosphere. If tests are to be made at lower supply 
pressures, the nozzle size can be chosen to work at a lower head. 

Generally the air pressure on the outlet side of the nozzle is only slightly in excess of atmos- 
pheric pressure because the exit pipe discharges either freely to atmosphere or through an exhaust 
or silencing system to atmosphere. 

Downstream from the perforated plate, the approach pipe to the nozzle must be straight with a 
length not less than B pipe diameters. The pipe bore must not be greater than 2.5 nor less than 
2.25 nozzle diameters except for the two smallest nozzle sizes in Table 1 (where it must be 25.4 
13.2 mm). 

The exit pipeline from the nozzle to atmosphere must be straight for a distance not less than 4 
pipe diameters and of the same diameter as the approach pipe. 

The roughness of the internal surface of the pipes need not be reduced below that of ordinary 
commercial finish, but there must be no obstructions in the pipelines such as thick welding ridges. 


Testing with a Nozzle on the Intake 
When the nozzle is on the intake the approach pipe to the nozzle must have a minimum straight 
length of 8 pipe diameters and the exit pipe a minimum straight length of 5 pipe diameters. If 
aspiring from atmosphere, the inlet end may be plain, flanged or flared, but must not be restricted. 
As the control valve is on the downstream side of the nozzle a perforated plate is not necessary. 

If drawing from another pipe system, special precautions should be taken to avoid swirl or other 
flow disturbance; eg by using an appropriate perforated plate at the entry to the straight pipe of B 
pipe diameters length, 


Nozzle Selection 
The following empirical rule can be used to ascertain a size of nozzle suitable for a particular test, 
when the pressure at the nozzle is approximately atmospheric. 

Calculate 0.25 times the maximum expected volume flow in litres/s and select the 

nozzle with a nozzle constant {k} next larger than that number, Nozzle constants for 

BS rounded nozzles are given in Table lil. 

For other pressures the approximate value of k may be found from the formula for Q (see later] 
using a value of h within the range given in Table III. 
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TABLE 111 — ROUNDED NOZZLE: NOZZLE CONSTANTS AND VOLUME FLOW (851571:1975) 


diametar pipa bore near atmospheric 
|р" ты [д 
H20 H20 НО 





Obsarvations and Measurements 
The following observations are necessary to conform to British Standard practice. 


(i) Atmospheric pressure 
Measured in mm Hg by means of a barometer, If there is no barometer on site, 
readings can be obtained from a local recognized weather bureau and corrections 
applied to allow for the difference in altitude. 

(ii) At the agreed inlet point 
The difference in pressure between the agreed inlet point and the local baro- 
meter reading. For the purposes of calculation the pressure at the inlet point is 
the barometer pressure less the depression at the agreed inlet point. 
The temperature of the air at the agreed point in ^C. The thermometer shall be 
so placed that it is not affected by radiant heat from the surroundings. 

(i) At the receiver 
The receiver pressure in bar measured by means of a pressure gauge. This is taken 
as a record of performance but is not used in the calculation of the flow except 
where necessary to allow for any small change occurring during the test. Such 
changes shall not exceed 2% of the absolute pressure in the receiver. 

(iv At the nozzle 
The head across the nozzle, measured as the difference in pressure given by the 
reading of a double-ieg manometer. 
The difference in pressure between the downstream side of the nozzle and the 
atmosphere. This shall be measured by means of a second manometer connected 
as shown in Fig 1. 
The temperature in the pipeline, measured by means of a thermometer as shown 
in Fig 2. This thermometer shall be placed between three and four pipe dia- 
meters downstream from the mouth of the nozzle, and not closer than one pipe 
diameter to an open end. 
instruments used for these and other measurements are summarized in Table IV. 
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Manometers Thermometer 





To machine 
and reciever 
M 





| 

| 

Minimum length 8 2 Minimum length 5 O 

> = == | ~ 
| 

TABLE IV — MEASURING EQUIPMENT АМО METHODS 


| (As specified in BS1571:Part 2) 


И NT TN NC NN 


Conventional or Air velocity not to exceed 
industria! matal-cased 30 m/sec at point of 
thermometers measurament 












Mercury in glass 
therrnometers with 
etched stems lor 
other DUE as 
given in В51041} 


Temperature 

































Pressure readings to be 
between and % full 
scale using Bourdon gauges 








Calibrated Bourdon Diaphragm gauges 
gauge, dead-weight 
gauge, mercury 


barometer 


Pressure 
(above 2 bar} 
























Eliminate pulsating flow 


Manometer or columns 
{eq with receiver) 


Closed mercury columns 
lor vacuum gauge) 


Pressure 
for vacuum measurement 


(below 2 bar} 














B.S. nozzle See text 





Air Flow 









instrument should be 
checked regularly for 
accuracy 


Tachometer or speed 
counter 


Shaft speed 




















Calculation of output based 
on averaga of increasing 
and decreasing loads 


Electric motor 
efficiency, (BS2613), 
or aynam meter 


Method of Calculation (BS1571 ‚Рат 2) 

The capacity Q, expressed in litres. is calculated from the formula: 

SEE ср». 

Pi T 

where О is the inlet volume in litres/s; 
h is the pressure drop across the nozzle in mm Н; О; 
k is the constant for the nozzle; 
T, is the absolute temperature at the agreed inlet point; 
T is the absolute temperature downstream from the nozzle; 
pı is the absolute pressure at the agreed inlet point in mm Hg; 
рг is the absolute pressure at the downstream side of the nozzle in mm Hg. 











О = К, 
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These absolute pressures are obtained by adding or subtracting from the atmospheric pressure, 
as given by the barometer, the water-gauge reading obtained from the appropriate manometer. 
The water-gauge readings are converted to mm Hg by dividing by 13.6. 


Alternative Tests 

The discharge may have ta be made into a pipeline under pressure instead of into the atmosphere, 
or it may be desirable to measure the flow at the delivery pressure in order to reduce the dimen- 
sions of the pipeline required, The test layout should then be the same as that shown in Fig 3 with 
the addition of a second perforated plate across the downstream pipe at least five pipe diameters 
away from the nozzle and before the flow reaches any bends, valves or obstructions. The pressure 
at the downstream side of the nozzle is measured by a pressure gauge substituted for the second 
manometer and the reading converted to mm Hg. 


Perforated plate Manometers Thermometer 


From machine 
and receiver 





Minimum length B Z | Minimum length 6 2 


Fig 3 Arrangement for testing with a 


nozzle on the delivery side. 2.25 < 0 < 2.5 


Bourdon gauges аге mounted vertically and must be readable to 0.5% of the full scale reading. 
They must be used only between one quarter and three quarters of their full scale reading. They 
must be calibrated against a dead-weight gauge before and after the test. 

Care must be taken to ensure that the high pressure pipeline into which the air is discharged is 
free from pulsations. 


The calculations are made in the same manner as for discharge to atmosphere, 








SECTION 3 


Circuits 





Pneumatic Circuits 





A PNEUMATIC circuit is normally distinguished by being open-ended, /e the compressed air is 
exhausted to the atmosphere after passing through the actuator. In practice exhaust facilities are 
usually provided by tha control valve or valves employed in the circuit, requiring only a single line 
connection between valve and actuator. It is also a general character of such circuits that no power 
is consumed in a system under pressure with no motion, unless there is a deliberate bleed or 
accidental leakage. Hence depressurization is not necessarily required to save power after a move- 
ment, 

Actuators normally comprise air cylinders where linear motions are required, or air motors for 
rotary motions and drives. The variety of circuits which can be derived in the former case is 
virtually infinite, ranging from simple stroking motions with manual control to fully automatic 
working allied to sophisticated automatic or programmed control systems. 


Single-Acting Cylinders 

Generally a 3-way, normally closed valve is used to control a single-acting cylinder, as shown in 
pictorial farm in Fig 1. In this diagram port no.1 is the inlet, port no.2 the outlet and port no.3 
the exhaust. Fig 1a then shows the valve with the spool in the normal position with the inlet 
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Fig 2 





closed and outlet open to exhaust. Fig 1b shows the valve in the operating position where inlet is 
open through to outlet and the exhaust is closed. j 


This circuit is shown in symbal form in Fig 2. Note that circuits are always drawn so that they 
show the neutral or ‘at rest’ position of the various circuit elements, /e valves, in their normal 
(unoperated) position and actuators in their unactuated position. This particular circuit diagram 
shows a manually operated valve with two stable positions. If the valve was fitted with a spring for 
mechanical return, the cylinder would return to its original position as soon as normal actuation of 
the valve ceased. | 
Double-Acting Cylinders | 
Double-acting cylinders are и controlled by а 4-way, 5 port two position valve — shown in 
pictorial form in Fig 3. This valve has one inlet port (1), two cylinder ports (2 and 3), and two 
exhaust ports (4 and 5). In the first position of the valve (Fig За), supply is directed to cylinder 
port no.2, with cylinder port 3 connected to exhaust, port 5. In the second position supply is 
connected to cylinder port 3 with cylinder port 3 connected to exhaust port 4. 
















ш дса ида 

ПИ | 
а за он 
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This circuit is shown in symbolic form in Fig 4. Fig 5 shows this circuit extended to embrace 
speed control with а restrictor placed prior to the valve in the supply line, and Fig 6 with restric- 
tors in the outlet. The latter has the advantage that speed can be regulated in either direction 
independently. Again, in practice, a better solution is usually to regulate the exhaust air from the 
cylinder with one-way restriction valves, as in Fig 7. 

Automatic return in the case of a manually operated control valve can be initiated by spring 
return of the valve. If the control valve is pilot operated lie from a separate pilot valve), automatic 
return can be provided by an additional mechanically operated return valve — as in Fig 8. 


To extend cylinder operation to automatic reciprocation, an additional pilot valve is needed, as 
shown in Fig 9. Using a lever-operated start-stop valve, this has a further provision that if this valve 


Fig За 


L7 А 


S 
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Fig а 


is returned to stop, the supply is cut off and the piston stops in the extended position. With the 
start-stop valve left in the ‘on’ position, the cylinder will continue to reciprocate. 


Numerous other variations are possible on this type of circuitry. Mechanically tripped valves 
offer simplification of the circuit since they need no separate controlling air supply. 

Two faults can readily arise in the design of more complicated pneumatic circuits. The first 
is ‘over design’ where the system is unnecessarily complicated, or incorporates an excessive number 
of components (some of which may actually be redundant when considered in paired action). If 
the problem is re-thought, rather than the original concept pursued, resulting in increasing com- 
plexity, a very much simpler solution will often emerge. The second is the possibility of the paper 
design producing a locked circuit, or definite circuit fault, by omitting to appreciate that a signal 
can remain uncancelled in a particular part of the circuit, with locking effect. Ironically, this often 
arises from a determination to avoid the fault of ‘over design’, and can be worse in the final result. 
An ‘over designed’ circuit will perform the functions required, but an ‘over simplified’ circuit may 
not work in practice. 
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Fig 11 





Three-Position Valves 
Three-position valves can be used either to provide ‘locking’ or ‘relieving’ of a cylinder. A basic 
‘locking’ circuit is shown in Fig 10, and a basic ‘relieving’ circuit in Fig 11, 

‘Two-hand Release’ 

This description is given to the type of circuit used in presses and similar heavy-duty actuators to 
eliminate the risk of starting when the operator has his hands i in a particularly dangerous position. 

To eliminate such risk, the circuit is designed so that actuation is only possible when both hands 
are placed on control valves. 


Fig 12 





The basic circuit shown in Fig 12 is not a satisfactory solution since the circuit is capable of 
single handed actuation if one of the valves js pneumatically actuated. The actuator circuit shown 
in Fig 13 is 100% safe, working as follows:- 

If only A is actuated, the air will go to C via B and D at which D switches, which only 

causes the out-signal to be bled in C and not through B as before. If only B is actuated, 

the air goes to C via D at which C switches, and the out-signal is bled through C and 

not through В—А, If A and B are actuated simultaneously, the two pipes to C are 

aired, but due to the restriction D the signal from A—B will always be first and the 

out-ignal is a fact. 

The out-signal can be directly connected to a single-acting cylinder. If a double-acting 

cylinder is to be controlled, the out-signal has to be connected to a 5-port working 

valve with mechanical spring return (monostable operating valve) that controls the 

double-acting cylinder. 


Stop Devices 

In Fig 9 the working unit will stop in its minus position when the control valve is closed since the 
position transmitting valve will then not receive any air. if the control valve were instead 
connected to the position transmitting valve in the plus position, the working cycle would stop in 
that position. 
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If the unit is only to finish the movement started when the stop signal is given, the air to both 
the position transmitting valves has to pass through the control valve as per the diagram in Fig 14a. 

If the cylinder is to adopt its minus position regardless if it moves plus or minus, the con- 
nection is to be as shown in Fig 146. 

If the cylinder is to stop instantly, the inlet air to the working valve can be cut off, but this 
brings the following disadvantages: 

No control of the position in which the cylinder stops. 

No force on the cylinder. 

No control of the movement when the process is started again. 

These disadvantages can be eliminated if the connection is done according to Fig 15. 





Fig 16 


Time Delay 


If a cylinder, for exarnple, is to stop in its plus position for a certain period of time before it 
returns, or if, for construction reasons, a position transmitting valve cannot be placed at the plus 
position, a time-delaying circuit can be used. Such a circuit is obtained by means of a one-way- 
restriction valve, an air reservoir and a differential valve Fig 16. 

The circuit functions so that when air is connected (in-signal) owing to the restriction valve, a 
certain time will pass before the pressure in the reservoir becomes so high that the differential 
valve switches. The delayed out-signal is then received. When the in-signal ceases, the differential 
valve is reset, as the air in the reservoir is exhausted via the check valve. Time delays from 0 to 5 
minutes can be obtained with this type of circuit by adjusting the restriction valve and the volume 
of the reservoir, 
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An alternative to the time cireuit shown in Fig 16 is to regulate the pressure on the smallest 
area of the differentia! valve which|gives one further setting possibility Fig 17. 

The circuit diagram Fig 18 shows a cylinder that remains in its plus position for a certain tíme 
because of the time circuit that delays the acknowledgment signal from the position transmitting 
valve in the plus position. And h connection diagram, Fig 19 shows a cylinder that returns auto- 
matically after a certain time, after having received a signaljto go plus. 

The connection system works as follows: 

When the control valve is actuated, air runs to the working valve that switches and the 

air flows to the plus chamber of the cylinder. At the same time the air flows to the 

time circuit which, after a certain time, makes the |working valve switch and the 

cylinder goes minus. In order ito obtain a distinct switch of the working valve, the 

system is provided with a back feed of the air for the |plus movement of the cylinder 

via the control valve to the working valve. This back feed makes it necessary for the 

working valve to be of differential type as can be seen from the Fig 19. 





Pulse Circuit 


There is often a demand for a signal to be cut out after a certain time, regardless of the duration of 
the in-signal, eg for cleaning. This is achieved in the way shown in Fig 20. 

When the in-signal А comes, i goes directly through the valve which is of ‘normally open’ 
type. At the same time, air flows via the restriction valve to the actuating part of the valve. 
Depending on the restriction and the volume after the restriction valve (normally no extra volume 
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is needed, as the volume of the conduit is sufficient), the valve switches after a certain time and 
the out-signal В ceases, whether or not the insignal A remains. When A disappears, the signal 
conduit is bled through the check valve. 


Control by Pressure Drop 


In Fig 19 an example was shown of how to make a cylinder return without using a position trans- 
mitting valve in the plus position. Another way of obtaining return without a position valve is to 
sense the pressure in the minus chamber of the cylinder. This is done by inserting a 3-port 
differential valve, the larger area of which is connected to the de-airing minus chamber Fig 21. 


When the minus chamber is under pressure /e during the minus movement, and when the piston 
is in its minus position, there is an overpressure in the minus chamber. But, also during the plus 
movement, there is a certain overpressure in the minus chamber, and consequently the differential 
valve will also be actuated during the plus stroke. 

To avoid the pressure in the minus chamber decreasing too fast and thus returning the cylinder 
before it has reached the plus position, a restriction valve has to be connected to the cylinder con- 
nection where the pressure is indicated. When the piston reaches its plus position, or continued 
movement is otherwise obstructed, the pressure in the minus chamber decreases and the differen- 
tial valve switches, as does the 5-port valve which controls the cylinder that goes minus. The 
pressure indication described can, of course, be used in both cylinder directions. 


In this kind of control, the cylinder should not be loaded with more than 5096 af the theoretical 
cylinder force. 


\ 


Fig 21 





——————-----0 
2 3 


Fig 22 





Control of Multi-Position Cylinders 


The connection diagram Fig 22 is valid for control of 3-position cylinders and Fig 23 for 
4-position cylinders. " 
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With the connections shown in the figures there is an in-signal for each position the piston can 
adopt. Irrespective of the position of the piston, a signal to a certain inlet will result in the piston 
rod adopting the position of the in-signal concerned. 

Fig 24 shows a more complex circuit where two cylinders are to be operated in sequence 
At, В+, A—, B—. Circuit design|becomes increasingly complex when an additional function is 
required — eg to obtain the following sequence A*, В+, Bi. А—. Such a circuit is shown in Fig 25, 
based on the initial premise: 

(i) ао is connected via ‘Start’ to A+ 

(ii) a, is connected to B+ 

liii) b, is connected to B— 

(iv) bg is connected to A— 


To achieve the desired sequence an auxiliary function is to take away signal bg from A- 
before A* demands a signal. Further, is to take away a, from B+ before B— demands a signal. This 
auxiliary function can be performed by а 5-port 2-position double air-controlled valve as follows: 

air is supplied to by while a, is bled in one position of the 5-port valve, in the other 

position, air is supplied to a, while bo is bled. 
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If the connections are made so that when cylinder A becomes minus, ag gives a signal to the 
side of the auxiliary function that bleeds bo, and when cylinder B becomes plus, b, gives a signal 
to the side that bleeds a,, the demand is met that bo shall be taken away from A— before A+ 
gets a signal, and that a, shall be taken away from 8+ before B— gets a signal. 

For more complicated sequences it may be necessary to insert further auxiliary valves. A major 
problem often involved is to appreciate all the blocking signals that have to be broken. 

Complex circuit design is normally done оп a logic basis — see chapter on Logic Circuits, 








Air-Hydraulic Circuits 





AIR-HYDRAULIC circuits involve the use of air or compressed air or an air cylinder as the direct 
working unit, with an associated hydraulic c rcuit providing damping for speed control and uni- 
formity of piston movement. Control is normally obtained via a restrictor valve in the hydraulic 
circuit. A basic circuit of this type is shown in Fig 1. 

The complementary system to this, where hydraulic |fluid (oil) is the working medium with 
compressed air only working indirectly, is known as a hydro-pneumatic circuit. A basic circuit of 
this type is shown in Fig 2. 


| HYDRAULIC 
| | CYLINDER 


Fig 2 


Fig 3 
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Such a system can be extended to double-acting motion by using a second air/oil reservoir and 
control valve, as shown in Fig 3. This is further shown in the form of a continuous circuit diagram 
in Fig 4. Speed control is possible in air in both directions by inserting air-way restrictor valves 
between the air/oil reservoirs and the hydraulic cylinder. 
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Air-Hydraulic Conversion 

In certain applications requiring rigidity of movement, a hydraulic cylinder can be employed 
connected indirectly to the compressor air supply thus providing air-hydraulic working without 
the necessity of using an air-hydraulic cylinder. 

The basic arrangement is shown in Fig 5. For small cylinders it may be possible to use the filter 
bowls as oil reservoirs. If the working volume of the hydraulic cylinder exceeds two thirds of the 
capacity of the filter bowls, however, it will be necessary to add two oil reservoirs, 

The following are important points to note to achieve satisfactory working:- 

(i) The hydraulic cylinder should be a low-pressure type with low 'break-out' force 

and friction. Internal leakage must be minimal, which may call for the use of 
special seals. 

(ii) Filters should be used, even if reservoirs are necessary for additional oil capacity, 

since these act as baffles to prevent emulsification of the oil. 

(ii) If filters only are used, (e if they provide adequate oil capacity), the oil level in 

either filter bowl should not be allowed to rise above the bottom of the filter 
element, otherwise oil may be lost through the exhaust port of the main valve. 

(iv) Reservoirs should always be mounted at a higher level than the cylinder to 

provide self-bleeding action when filling. 


Air Hydraulic Pumps 

The same principle that operates the air-hydro pump can be used to pressurize a hydraulic system, 
either for general working or for pressure test use. Pressures up to 1000 bar (15000 ib/in? ) can be 
generated for the latter purpose — very much higher pressures can be generated by specially 
designed pumps. 
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Example of a practica! double-acting 
air hydraulic circuit 
(Магтопан ), 


Small air-hydraulic pumps of this type are widely favoured as direct replacements for normal 
hydraulic power, both in portable and fixed installations. Air supply can be from compressed air 
mains, or bottled air (or nitrogen). The fitting of an air pressure regulator enables the hydraulic 
pressure to be adjusted over a wide range, dependent on the physical size and geometry of the 
pump. | 

See also chapter on Air-Hydraulic Cylinders. 





Theres more to air contro 
than the best 









It can't be said that CompAir 
Maxam don't go to-extremes to 
ће helpful. 
a They do und every single day 
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major Scottish production industry in the Highlands 
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The emergency plans that followed took the 
Maxam engineer and the replacement equipment 
from his Glasgow base to Inverness on the very 
first flight. 
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in 






From Inverness he 
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That's when the car was abandoned and his long 
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were installed in minutes and the plant was on line 
again. 

Little did he know that after trekking back to the 
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Logic Circuits 





LOGICALLY CONSTRUCTED control circuits have numerous advantages over empirically- 
designed circuits (which are often a combination of intuition and 'guesstimation', finally proven 
by trial and error). These advantages show up particularly in complex control circuits, where only 
design by logic can be relied upon to provide the optimal solution. 


Logic functions can readily be performed by simple valves or combinations of valves. Interest 
in pneumatic logic circuits was originally stimulated by the development of pure fluidic devices 
capable of extreme miniaturization and also incorporating no moving parts. Whilst such a system 
can be shown to work it has several limitations in practice, notably the fact that it is essentially а 
low pressure system operating at air pressures of less than 1 bar, consequently needing amplifica- 
tion to power an actuator. Also such a system is critically dependent on air regulation and fine 
filtering of the air supply. It thus remains mainly of academic interest only. 


Its counterpart in providing digital working — or logic circuitry — derived from the miniaturiza- 
tion of more or less conventional valves, /e moving part logic (MPL) elements operating at normal 
system pressure and capable of operating at high speeds. These now form the basis of virtually all 
practical pneumatic logic circuits, and have been adopted on a relatively large scale. Properly 
designed LSR elements are reliable, positive in response, and suitable for use with both dry and 
lubricated compressed air supplies. Also the question of providing interconnections compatible 
with the size of these elements has been solved by the development of modular construction and 
assemblies. 


The basic problem then remaining is how to design control circuits in terms of logic. The basic 
‘tools’ are Bollean algebra, Karnaugh-Veitch maps and Cascade techniques primarily (there are 
others). Alternatively there are ‘half-way’ measures, such as the Step-counter method of electro- 
mechanical sequencing. АП of the basic methods need considerable study to master and apply, and 
are skills not readily acquired by the intuitive designer. 


For that reason, producers of modern MPL components have developed their own system 
methods to make logic design easier to understand and minimize circuit design time. This simply 
parallels computer technology where special, and simpler languages have been devised to make 
programming easier. In that case the language is tied specifically to a particular system, which in 
turn ís based on a particular choice of logic elements providing all the logic functions necessary. 
This, like the language, can vary with different systems. 
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Basic Logic Functions 
The basic logic functions are NOT, AND and OR, but for logic control functions we also need to 
add YES (which is only a modified form of NOT). The NOT function can be performed by a 
2-way two-position valve, normally open. А signal applied then moves it to closed, fe a signal gives 
no output. There is output only when there is NOT an input. 

Simple 2-way valves can be used in combination to provide AND or OR logic response — Fig 1. 
Equally a 2-way valve can invert ап output, to produce the NAND or NOR functions; or invert an 
input to provide INHIBITION. | 


Fig 1 





‘Logically’, in fact, a combination of on—off devices can provide all the logic responses 
required, except for MEMORY. This would require a combination of 3-way valves, In practical 
pneumatic logic, however, it is far mora realistic to devise single components to provide the logic 
functions required, which for full coverage of pneumatic logic circuit design requirements are: 


NOT АМО OR YES МАМО NOR INHIBITION and MEMORY 


Operating characteristics of these devices are detailed in Table |. Again this listing represents a 
redundant requirement — je not alf these functions are necessary to cover all requirements in a 
logic circuit, The number of individual devices required can be reduced considerably by working 
with a particular type of logic — eg AND logic, OR logic, NAND logic or NOR logic; or combina- 
tions of these, Certain functions will, howevar, remain necessarily common with any type of logic 
chosen — eg NOT, INHIBIT and MEMORY. As far as pneumatic logic circuit components are 
concerned the choice of type of logic depends largely on the suitability of miniaturized valves to 
perform the various functions. | 

If a multiplicity of elements is to be avoided, choice, basically, lies between NOR and NAND 
logic, ог multifunctional devices. NOR and NAND can be made multiple-input devices when, by 
selecting either one or a number of inputs the other logic functions can be derived. This reduces 
the number of physical elements required, but each is more expensive in terms of size and cost; 
and as deployed throughout the circuit, many will be operating with redundant features. Multi- 
functional devices can provide the basic functions of OR, AND, NOT and MEMORY in smaller 
(individual) packages; but using 4*way spool valves can présent problems in miniaturization. 

It is virtually impossible to generalize on this subject, lifferent manufacturers of systems having 
different methods of approach and component construction. Thus only one system, which has 
proved particularly acceptable in Europe, will be described in more detail. 





Pneumaid' pneumatic logic units, 
{CompAir Maxam} 
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TABLE | — LOGIC CIRCUIT DEVICES 


5 


NOT 
(3-way valve) 





Output is present when there is 

NOT an input at A 
NOTA=Sor А= 5 

А = 5 



















АМО 
[tandem 2-way 
valva) 






Output is presant when there 15 
input at A AND B 


Аапа В = ЗогА.В = 5 












OR 
(shuttle valva) 


Output 15 praesent when there is 
input at A OR B. 
AorB=SorA+8=5 



















Output is present when there is 
input at B and there is no input 
at А. In other words, when a signal 
is applied to A it inhibits the signal 
path of B. 

Band not As 5, ог ВА=5 
BA=0 


INHIBITION 
(3-way valve) 

















NAND 
{tandem 2-way 
valve and 3-way 
valve} 


Output is present when there is 
not a signal, input at А and not 
a signal input at B. 


пор А and not В = 5, ог 


























МОН 
(shuttle valve 
and 3-way valvel 


Output is present when there is 
not an input signal at А or an 
input signal at В, 
not A or not B = S, or 
А+8=5 
















YES 


This is basically an amplifier. 
(3-way valve) 


Line pressure is connected to B. 
This pressura is then available at 
the output when there is a signal 
input at А. (A = 5) 

In basic terms, this is an inverted 
NOT with a second input. 

















MEMORY 
(4-way valve) 






This is a flip-flop device. A signal 
input at A will give output state 
51 and the memory will remain 
in this state, even when signal A 
is removed. A signal input at B 
then changes the output state to 
52. tt will remain in this state 
when signal B is removed, until 
receipt of the next signal А. In 
other words, tha device ‘remembers’ 
the last input. 

















274 | LOGIC CIRCUITS 














OR i YES 
a | ә $ 
MI r 
5 
b 2 E] 
AND 
а 1 
8 | | MEMORY 
b 2 EM 
РИС 
мот oa 
ai а 
* x 
+. к 
8 
z | | 
b Fig 2 The five main logic units, 





Pneumaid System | 

This system adopts the multi-element approach and is based on five functions — OR, AND, NOT, 
YES and MEMORY. These devices are shown in Fig 2. It is also allied to a sophisticated mounting 
system (Polylog) made up of standard modules which can be built up to form a complete mono- 
bloc control centre without interconnecting piping. 

The devices can be divided into two categories; active and passive. The active devices are basic- 
ally 3-way, diaphragm-operated, air-return poppet valves, normally open for the NOT function 
and normally closed for the YES function. These units have separate supply and exhaust ports in 
addition to the input and output ports. 

Passive devices are simple poppet valves actuated by the input signals only, and can perform the 
AND and OR functions. The MEMORY function is normally supplied by a miniature 4-way slide 
valve. 

All MPL control systems boe more than the five basic elements listed earlier. It is possible to 
produce a number of auxiliary devices from these basic gates. 

With a fine restrictor valve having full flow in the reverse direction and a pressure reservoir (or 
even the capacity of the interconnecting tubing), it is possible to construct simple RC time delays 
with good repeatability up to 30 s. By combining these elements with the NOT and YES devices 
both normally open and normally closed delay functions can be achieved, 

Similarly if a common signal is fed to the supply and input ports of a normally open delay 
arrangement, the result is a step-to-pulse converter which can be used to break the trapped signal 
in the pneumatic system. This is a problem with which most circuit designers are only too familiar. 
In a number of systems the logic device, reservoir and restrictor are stacked into integral time delay 
devices which occupy only one position of the mounting matrix. 

By the addition of a simple diaphragm/nozzle pilot amplifier stage to the YES unit, a pressure 
amplifier can be developed which can accept signals from back Pressure air sensing units. 

The diaphragm-operated NOT unit used in the multi-device logic system has been designed to 
carry out a function other than that of logic inversion. By setting the pilot pressure to reset at 10% 
{or less) of the supply pressure, the unit can be used to signal the end of the stroke of a pneumatic 
cylinder. | 

There is a refinement of this system in which the МОТ unit supply pressure is derived from a 
port in the cylinder wall set just behind the piston when it has completed its stroke, 
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Polylog System Design 

A circuit using the Polylog system can be designed and built after only a day or two's training. In 
fact it is possible to design and build the simpler circuit after only two or three hours' tuition. 
Therefore, no longer is it necessary to be a scholar of Boolean algebra and be able to calculate the 
resulting equations. Nor does one have to have the knowledge to find one's way round a Karnaugh 
map. 

With the Polylog system there is a direct relationship between the machine cycle, the circuit 
and the way the elements are assembled. However, to make circuit design easier a simple form of 
diagram called Grafset is used. This is a European standard to show the graphical representation 
for expressions of automatic sequences. It is a step/command/transition control graph and a 
typical diagram is shown in Fig 3. This diagram relates to a circuit involving two cylinders A and B. 

The right hand squares represent the movements of the cylinders. A+ refers to cylinder A out- 
stroking and A— the cylinder instroking etc. The squares on the left hand side represent each step 
in sequence. 


DOUBLE LINE INDICATES REST STEP 


———— 
of 






NOTE: The rest position 
can be placed at 
any position within 
the sequenca 





Action associated 
with step 


Link 
Between steps 
and Transitions 


= 


Transition — Conditiont 
19 be met belore the next 
Step can become active 


Fig 3 
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Shift-register chain base mounted. 
(Festo Pneumatics), 





These are the principal steps, Each principal step requires a memory module — thus for this 
application we would require four memory modules. in between each step there are further letters; 
these represent interlocks confirming that the action of the principal step is complete or external 
signals setting the sequence in motion. These are called intermediate steps. This is basically all the 
circuit design that is necessary before beginning to assemble the system. 

In order that the circuit can be quickly confirmed, special cards are available, When placed side 
by side these represent exactly the layout of the circuit. In this application the cards when put 
together would be as in Fig 4, shown together with the complete circuit. In this circuit four 
memory modules provide the four principal steps in the system. This example represents a very 
simple application. 


Polylog So'ution 
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Pneumatic Logic versus Electronics 


Pneumatic logic control circuits work on exactly the same principles as programmed electronic 
controls — both work on a logic basis. Until comparatively recently a pneumatic logic control 
circuit of medium complexity generally proved cheaper than its electronic equivalent. With the 
advent of low cost microprocessors the position has changed considerably. Hybrid systems 
lelectronic control of pneumatic systems) have many advantages to offer at comparable, or even 
lower cost, particularly as the complexity of the control requirement increases. Apart from com- 
pactness, the big advantage with a microprocessor is that the programme can be re-written and 
sequences changed without re-piping the control system. 

At the present state of the art, therefore, it would be reasonable to state that where only a rela- 
tively few functions are required (say a maximum of 10), pneumatic logic control circuits still have 
much to offer. Above that number, the Programmable Logic Controller (microprocessor) offers 
increasing overall advantages. Where pneumatic controllers can continue to remain unchallenged is 
in high-risk fire areas, or hazardous areas — eg involving low and high flashpoint materials in 
processing. 
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System Maintenance 





MAINTENANCE REQUIREMENTS fail under three main headings, in the following order: 

(i) Maintenance of tools ай appliances. 

(il) System maintenance. 

(tii) Compressor maintenanca. 

All are equally important, but require different maintenance intervals. The life of pneumatic 
tools and appliances is generally appreciably lower than that of a compressor, hence the need for 
more regular preventative routine maintenance. 


Air Тоо! Maintenance (see also Table 1} 
A programme for air tool maintenance should cover the following points: 

(i) Ensuring that the air supply is maimained at the required pressure and with the 

required delivery. 

(ii) Regular checking and refilling of lubricators in order to maintain adequate 

lubrication. 

(ii) Checking individual tools for handling or manipulative damage. 

(iv) Individual tool servicing as required. 

(v) Checking that tools are handled in a reasonable manner [eg cleaned after use) 

and used in the proper manner (eg nat abused]. 

The most common cause of early troubles with workshop tools is lack of lubrication, The next 
is abuse, such as tools being dropped or dragged around by the hose, or generally ill-used. The 
design of the work area itself, and particularly the allocation of racks for holding tools when not in 
use, can in itself be a form of preyentative maintenance. 

Scheduled maintenance should, preferably, be the responsibility of a single individual rather 
than part of the tool operator's job. With adequate records and experience, tools can then be with- 
drawn at specified intervals for stripping and inspection and the replacement of worn or damaged 
parts, to maintain a high operating efficiency. This applies generally to all forms of pneumatic 
tool. Records may also provide a valuable pointer as to where (which operator) or under what con- 
ditions individual tools are suffering abuse, as shown by higher wear or damage rates, and remedial 
action should be taken as appropriate. This may be an operator fault or a tool fault leg the tool 
not adequate for the job at a particular station). 
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TABLE | — AIR TOOL MAINTENANCE POINTS 












Check or Fault Likely Cause 






















Dirt or gummy deposits 
on motor 













Insufficient or wrong oil; 
dirty air 


Check lubricator. 
Check hne filter. 






High blade wear on 
motor 


Insufficient oil; normal wear Reduce periods between scheduled 


maintenance. 
Bearing play 


Excessive load) normal wear Check tool capacity for job: 


repiace bearing 


Bearing rough Dirty air 
Lack of lubrication 


Normal wear 


Check filter 
Check lubricator 
Replace bearing 


Check governor bushings for wear 





Loss of power Low alr pressure 
Aur leakage 


Governor fauit 


Check line pressure and filter 
Check and rectify 
Check governor condition; adjust 
action if necessary 










Vibration Breakage Replace faulty partis) 


Loss of speed Low air pressure 
Air leakage 


Governor fault 


Check line pressure and filter 
Check and rectify 


! 
| 
| 
| 
Governor action sluggish | Air leakage 
' 
| Check 





In the case of major repairs, tools would normally be returned to the manufacturer, With 
adequate preventative maintenance and efficient scheduled maintenance, a major breakdown is 
unlikely to occur until the tool is nearing the end of its useful life. The true value of the tool is 
represented by its initial cost less the amortization rate and if the major repair cost exceeds the 
value of the tool at that time it would be better replaced by a new one. This applies particularly 
in the case of workshop tools. 

Appliance Maintenance 
Maintenance overhaul of air-operated appliances requires the following precautions: 

(i)  Allair pressure should be completely released from the system. 

lii) it should be impossible to start the appliance inadvertently. 

(iii) The correct tools should be available for the job. 


(iv) Adequate tifting gear should be available (if necessary) and checked to be in good 
condition. 


After maintenance work, and before clearing the machine for use, check: 

li} That operating pressures, speed and working temperatures are correct. 
(ii) That controls and shut-down devices work correctly. 

tiii} That the sump is filled with the correct grade of oil (where appropriate). 
(iv) That there is full flow of coolant (when appropriate). 


(v) Condition of discharge pipe and pulsation chamber (if fitted); clean off any excess 
deposits. 
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TABLE 11 — TROUBLE-SHOOTING — AIR CYLINDERS 


Loss of thrust” li) leaking piston seals Replace seals 
Hi) corrasion on bore Refinish bore as necessary to 
eliminate wear on seals 
Ui) dirt trapped in seals Replace seals. Clean cylinder. 
Check condition of rod wiper seal, 
Fit external gaiter if necessary 
for better protection. 


Uv) excessive friction Check condition of hose, seals, 
wear rings and rod bearing 
{у} Тому pressure Check supply pressure at inlet 


Leakage past rod od seals faulty Reptace seals unless compression 
type seals are fitted in an adjustable 
gland In that case, tighten gland. 





Loss of cushioning {i} cushion valve blocked Remove and clean 
li) cushion seals failed Replace cushion seals) 





| 
*Loss of thrust can also resi fram substantially increasing the speed of working with пп 
fauit present in the cylinder or system, 


Air Cylinder Maintenance (see also Table ||) 


Air cylinder maintenance requirements should, in general, be minimal, except for the periodic 
replacement of expendable parts. These are normally confined to piston seals, end cover seals 
{where applicable}, rod seals and rod bearings. The latter may be in the form of a replaceable cart- 
ridge assembly, 


Тһе period required between servicing will depend on the frequency with which the cylinder is 
used and the total number of operations, and the working conditions. Scraper rings and, if 
necessary, an external gaiter, together with the provision of adequate lubrication against corrosion, 
can protect the inside of the cylinder against abrasive atmospheric contaminants, provided the 
lubricant used is resistant to water-washing. Most modern cylinders, too, are precoated during 
assembly with a special lubricating compound which normally adheres to the surfaces for a con- 
siderable period, Thus, even in the absence of air line lubrication, good internal working conditions 
are established between servicing periods with a minimun of wear. Separate, continuous lubrica- 
tion is, however, always recommended for the highest degree of reliability and minimum wear, 
This can considerably extend the period between servicing. 

Seal wear, and thus seal life and performance, is very largely dependent on the bore condition. 
Corrosion, pitting, abrasion or damage to the bore can resuit in high seal wear and premature 
failure. Intermittent use, with long periods of idlenass during which seals may dry out completely, 
is also damaging. Most seal failure, however, can usually be traced to bad initial fitting af the seal, 
the use of the wrong type of seal, or wrong material specification. 

Piston seal leak is not always easy to detect, since the first evidence may appear as leakage at 
the exhaust ports or a control valve, when a valve seal rather than the piston seal тау at first be 
suspect. 
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A simple check is to disconnect the exhaust line from the cylinder to the valve. If there is leak- 
age of air through this line, the cylinder piston seals are faulty. If there is no leakage from this 
line, the presence of leakage at the exhaust port of the valve indicates internal valve leakage. 


Tie-rod construction generally makes cylinder disassembly easy. A point to watch with single- 
acting spring-return cylinders is that one end cover will be under spring load and needs backing off 
carefully until the compression of the spring is relieved. On longer stroke spring-return cylinders it 
may be advantageous to extend the length of the tie rods to accommodate the full (uncompressed) 
spring length with the cover still on the tiè rods. Nuts can also be welded onto the opposite ends of 
the tie rods so that disassembly can only be attempted from the extended tie rod end, 

Replacement of piston seals may or may not require disassembly of the piston, depending on 
the type of seal fitted and the manner in which they are retained, Every precaution should be 
observed in refitting seals to avoid stretching, nicking or otherwise damaging them. End cover seals 
(where applicable) should always be replaced with new ones when a cylinder is dismantled and re- 
assembled. A general lubrication of the cylinder before assembly is also recommended, | 
System Maintenance (see also Table lil) 


Scheduled periods for the inspection of drains, moisture traps and separators should be based on 
experience with the particular components involved (manufacturer's recommendations should be 
used as an initial guide). 

Filters and filter/separators fitted at individual tool stations must receive regular attention, par- 
ticularly if they are of the manual drain type. The level of contaminants will normally be visible 
in the filter bowl or an excessively high level indicated by a tell-tale. Both types — manual drain or 
automatic — will also require periodic cleaning of the filter element; thus a regular period must be 
set down, depending largely on the 'dirtiness' of the system, for cleaning or replacement of the 
filter elements as appropriate. Some types of filter have an element which can be cleaned very 
simply by blowing out; others have an element which can only be cleaned by special techniques 
(and which thus need replacement whilst the elemant is returned to the manufacturers for clean- 
ing}; still others have elements which are discarded and replaced after a specified period of use. А 
filter element accidentally damaged during cleaning should always be replaced by a new element. 


Clogged filters are the most common source of pressure drop at tool points. Air leaks or gon- 
strictions in the flexible line are other obvious sources of pressure drop at tool points. The former 
can normally be heard with the tool connected but switched off. Kinks or damage to hose that has 
not produced puncturing may show up in the form of variable performance as the tool position is 
changed. In this case end fittings should first be checked for air tightness, then the hose length 
itself checked for damage. 


Less obvious sources of pressure loss may occur farther back in the system. With adequate line 
sizing and everything in good condition, pressure drop between the air receiver and the tool 
station take-off point should not normally exceed 0.2—0.35 bar (3—5 Ib/in? ) {ог in some installa- 
tions 10% of the nominal system pressure). Additional losses at the tool point itself should not 
normally exceed 0.35 bar (5 Ib/in?), although again a maximum figure of 15% total pressure drop 
to the tool is sometimes accepted. 

Regardless of the actual system pressure drop as installed and originally worked, any further 
loss of pressure at take-off points or at individual tools is a subject for immediate attention so that 
the fault can be rectified. Loss of pressure not only reduces tool working efficiency, but may also 
be expensive in terms of compressed air wastage if due to a leak. Leakage may develop at joints, 
connections, etc, or at traps where the valve has been jammed open by contaminants, apart from 
such obvious sources as mechanical damage to the lines, 


—SM——— 
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TABLE 11) — MAINTENANCE dne ia — PIPEWORK 


(if Support with pipe clips, closer 
spaced on horizontal runs 































Rigid line system 





ead weight of piping 








expansion and contraction la) use clips which allow lateral 
movement of pipes 
{o) incorporate bends 10 accommo- 
date movement where there is a 
large difference in ambient 


temperatures 
Provide adequate support as necess 
ary to prevent movement and 
flexing 





internal pressure 













leakage (al all pipe joints 10 be property 
made 

ib) replace faulty vatves or fittings 

ic) if caused by damage check 
environmental conditions; 
resite ar protect vulnerable 
fittings 





water entrainment 





Check that suitable water traps are 
provided and that their location is 
satisfactory. Establish suitable 
draining period and check period for 
manual traps. All loop bends shoutd 
be upward facing, not downward. 
















Flexible dines leakage (а) check for wear or deterioration 
at end couplings 

ib) resite or protect hoses subjected 
to bad environmental conditions 

{с} lay down standard procedure for 
manipulation of Hexible hoses 

id! consider possible use of autamatic 


close coil flexible lines 
(al check hose for bore condition 
(b) check that suitable size of hose 
15 being used 












excessive pressure drop 


It is not commonly appreciated that an excessive line pressure can be as bad as lack of line 
pressure. Whilst the latter reduces the working efficiency of the tool — a tool designed to operate 
on 5.6-7 bar {80—100 Ib/ir? ), far example, may suffer a loss of efficiency of 25% operating on 5 
bar (70 Ib/ir? ) — excessive pressure results in accelerated wear and possible over-stressing of parts, 
which could lead to early failure. 

Lubricators at tool points also need regular attention to ensure that an adequate supply of oil is 
maintained — and the rate of oll injection can also be checked if necessary. It is particularly 
important that only the specified oil be used to refill the lubricators as an oil of different viscosity 
may not only upset the lubrication rate but lack the qualities necessary for a pneumatic tool 
lubricant. Light oils of approximately SAE 10 viscosity, are normally specified, specially com- 
pounded for pneumatic system use {eg normally containing emulsifying agents and rust inhibitors). 
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Pipework should require only minimum attention — eg inspection for possible leaks. The 
following may, however, show up as installation faults needing correction. 
(i) Sagging or displaced pipes — requiring proper support with pipe clips, etc. 
(ii) Evidence of whipping at bends — again due to inadequate pipe support under 
pressure surges. 
(iii) Distortion of runs — evidence of expansion/contraction movement which should 
be accommodated by bends or expansion joints. 


Compressor Maintenance {see also Tables IVA, IVB, IVC and V). 


Compressor maintenance is usually specific to the type of compressor and the installation. Basic 
requirements in all cases are cleanliness (eg regular cleaning of intake filters), regular attention to 
drain points as appropriate (eg on the compressor itself if any, intercoolers and receiver) and main- 
tenance of an adequate supply of lubricant. Other basic requirements involve maintaining the 
correct tensioning of intercooler and main driving belts, and routine oil changes. Some com- 
pressors may also be fitted with intake silencers which may need either periodic cleaning or 
replacement of felt layers at regular intervals in order to maintain volumetric efficiency. The valves 
of a reciprocating compressor should be inspected and cleaned in accordance with the maker's 
instructions and as frequently as the duty necessitates. 


TABLE IVA — MAINTENANCE POINTS — RECIPROCATING COMPRESSORS 


ои | ни 


Air filter (inlet) Fortnightly Clean as necessary 


Cooling system Continuous Check water temperatures 


As necessary Clean water side on water-cooled 
systems 


Lubrication Periodically * (i) Check cylinder oil feed rate 
lii) Check oil levels 
(iii) Change crankcase cil 


Bearinas Periodically * Check wear. Adjust for wear or 
replace as necessary 


Drains Hourly* Intercooler drains 
Daily" Other drains or all automatic drains 


Valves Periodically * Check for condition and replace 
plates or springs as necessary 


Safety valves Periodically * Clean and inspect 


Piston rings Annually Inspect for condition and replace 
as necessary 


Packing glands Periodically* Adjust it applicable; otherwise 
inspect for condition and replace 
if necessary 





*Suitable intervals can only be established by experience or on manufacturer's recommendations 
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TABLE IVB — OIL CHANGES — RECIPROCATING COMPRESSORS 


Compressor Type 


All stationary 







Working Conditions Changa Interval 












unning in After 100 hours 
















All portable Running in After 50 hours 






Stationary Clean atmosphere 6 months or 2 000 hours 


| 


Dirty atmosphere 





3 months or 1 000 hours* 








Average 








Portable 1 manth or 500 hours 





Dirty atmosphere 2 weeks or 250 hours” 






Very dirty 
atmosphere 
| 






1 week or 100 hours* 


*May be adjusted by experience | 
[| 
| 
| 


TABLE IVC — TROUBLE SHOOTING — а ен COMPRESSORS 


Fault or Symptom 


'Knocking' or heavy 
vibration 





| Possible Causes 










(0 de or coupling elements 
loose 





Check and rectify 




















{н) unstable oil-relief valve 
(ui) GXcessive working 
clearances on crosshead 


Causing hydraulic hammer 
fal Check for wear 













or Бег. яг ib) Check for mis-alignment 
им) cylinder clearance volume Check for accumulation of water, 
too small Dil or other deposits 








Abnormai air temperature See OVERHEATING (check at inter- 


stages as well as al delivery} 



















Abnormal air pressure fi)  ddakage 
in} loss of compression efficiency 


ün} seal failure 


Find and correct source of leakage 
See EXCESSIVE CYLINDER WEAR 
Check compression seals 























Whistling noise a) valve leakage 
(n) gland leakage 


ini) lgakage in connections 


Identified as a high pitched whistle 
varying in intensity with pressure 
Identified as a hiss 















Rumbling noise 


б} 
dn) 


air leakage past piston rings 
lack of lubrication 











Valve chatter 





Defective or broken Vaive springs Replace springs 
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TABLE V — MAINTENANCE POINTS — ROTARY COMPRESSORS 


Electric motor 
Аз necessary 














Clean motor; inspact for wear; 
check bearings; check clearances; 
check general condition 














Clean and examine Replaca if necessary 





Couplings 
(where appropriate) 












Open and examine for corrosion 
and wear 


Casing 












Replace, reline, 
adjust with shims 


Journal bearings Examine for wear 











| as necessary 








Shaft seals Check condition of clearances Replace if necessary 














Examine for corrosion, pitting and As necessary 
wear; check clearances; check 


balance 


Rotor 






















Examine for corrosion and wear: As necessary 


check damper 


Gear case 
(where appropriate) 





Examine for corrosion, erosion As necessary 


and wear 


Other parts 
















Replace worn parts; 
adjust for proper operation 


Clean and inspect; check for wear: 
check adjustment 


Governor/Regulator 









Auxiliary drives Check Replace worn parts 














Recalibrate or adjust as 
necessary 


Check for operation and correct 
reading 


Instrumentation 








Compressor manufacturers normally specify routine maintenance requirements in detail in a 
manual apprepriate to the machine. They may also list recommended spares to be carried, with an 
indication of which may be regarded as replaceable components, Servicing and attention required 
will also vary widely with different types of machine. Thus rotating machines normally need more 
detailed maintenance and inspection than reciprecating machines. 








SECTION 4a 


Tools 
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Л + пем generation 
‚ Of pneumatic screwdrivers 


FIAM have developed a new range of pneumatic screw driving machines with very 
| interesting features, 


Energy saving: the autornatic clutch disangaging device ensures an outstanding 

reduction in compressed air consumption and less component wear. 

Operator benefits: minimum noise when machine is running, absence of vibration pneumatic tools 
and shock, reduced atmospheric pollution, very good handling characteristics. c 

tion; simple adjustment over a wide Speed range; easy adjustment of tha direction 

of rotation, of the closing torque, of the starting system and of the handgrip; wide 

range of applications: screws, nuts and bolts up to M6, even with brittle and soft SPA 
materials, 

immediate torque increase, reverse in direct drive for unscrewing in special circum- Тем 1568811: Telex iil 
Stances; reduction of assembly time thanks to automatic Propulsion starting, to 

easy operation and to automatic stopping when screwing ceases. 

Do not hesitate to consult our head об се; a new generation of scraw driving 


Performance: accurate control of the tightening torque with no torque fluctua- 
Productivity: reduction of discards and rejects thanks to special features such as Viale Crispi 123 - 38100 VICENZANTALY 
machines only needs to be tested to be believed, 
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Shatter it... 





Sa ie ec n [c-r ДЕ- 
Flatten it... "illit... Vibrate it... 






Mining and construcuon air tools and 























from Consolidated Pneumatic. 
The right tool for every job, and the night 
place for every tool 
Consolidated Pneumatic Too! Aberdeen South West E Ч | 
Co.Ltd. (Trading Division) Stewart Plane Sales Lid. WR Sehwood | 
Greenwell Road, Ross-shire South Wales є 
Aberdeen АВО 150 Stewart Plant Sales Lid Davies Punt Sales „Д! 
Telephone (0224) 871901 Manchester Belfast | 
Telex 73170 Scot Plant Sales Led. Blackwood Hodge (lretand) 114. 
wis тш B rur vii Blackwood Hodge (ireland) Ltd. yl 
w qne and Wear OFFICIAL DPISTRIBUT: | 
Stewart Plant Sales Lid. бам Pont Sales Ltd. lier t d ia | || 
Edinburgh Midlands Record Led. 
а > Stewart Plant Sales Ltd- Gum Plam Sales Led Marmax Engineering Co. Lul | 
CONSOLIDATED PNEUMATIC Dundee Staff Rawley Plant Lud. | 
Stewart Plast Sales Lid. 
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Pneumatic Tools 





ALL TOOLS powered by compressed air have the advantage of being stall-proof, /e they will not 
be damaged if overloaded. This is a particularly useful characteristic with motor driven tools. 

Pneumatic tools can be classified by basic mechanical type, eg percussive, rotary, or air motor 
driven — which largely governs their working characteristics; or more usefully by intended duty. 
The latter fall into three broad groups — see Table |. Of these contractors’ tools and mining tools 
have much in common. Workshop tools embrace a much wider range of purpose-designed tools for 
manual, semi-automated and fully automated use. 


Percussive Tools 
The theoretical energy (e) per blow delivered by a percussive tool is: 


2 
е = T.V Мт 
2 
where mis the mass of the piston 


v is the velocity with which the piston strikes the tool shank 





The theoretical power delivered, at an impact rate of n/s, is thus: 
power = —— ——— Nm 


In practice, energy per blow is usually the most important parameter, since this needs to be 
selected to suit the work requirements, but the impact rate may also be significant because of its 
effect on material characteristics (eg in riveting). The stroke of the piston may also be a significant 
factor in the design of the tool in order to obtain the required output. The impact energy achieved 
may also be limited by the amount of recoil which can be tolerated without making the tool 
difficult to handle. 


In order to produce oscillation of a piston in a percussion type of tool, suitable porting or 
valving is necessary to deliver air under pressure to alternate sides of the piston. In the case of 
light tools, and where a high rate of oscillation is desirable (as in scaling hammers and dressing 
hammers), compressed air intake and exhaust may be achieved via ports in the cylinder wall, the 
openings of which are controlled by movements of the piston. Such types are sometimes referred 
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Percussive 











Machines 





Air motor driven 












Cylinders 





Breakers 

Diggers 

Tampers 

Hammers 

Spaders 

Shuttering vibrators 
Stone working tools 
Road rippers 

Pile drivers 

Picks 

Steel extractors 


Shank grinders 
Concrete vibrators 
Sump pups 
Sludge pumps 
Conveyors 
Rock drills 


Compressors 
Portable compressors 


Concrete vibrators 
Hoists 

Winches 

Pumps 


Tool feeds 
Jacks 
Hoists 
Air lags 






















TABLE | — CLASSIFICATION OF AIR TOOLS BY PURPOSE 


| 
SUB-GROUPING 
|Ц 
Contractors' Tools Mining Tools Workshop Tools 


Rock drills 
Coal picks 
Drifters 

Stopers 

Breakers 
Diggers 
Spaders 
Sheeting drivers 
Spike drivers 

Steel extractors 


Coal drills 
Stone drills 
Vibrators 
Sludge pumps 
Sump pumps 
Air motors 


Compressors 
Portable compressors 


Vibrators 
Riddles 
Conveyors 
Loaders 
Coal tables 
Pumps 
Hoists 


Tool feeds 
Jacks 
Hoists 
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Scaling hammers 
Caulking hammers 
Chipping hammers 
Rivating hammers 
Weld flux scalers 
Paint scrapers 
Chisels 

Vibrators 
Engraving tools 
Rivet cutters 
Rivet busters 






Grinders 
Pencil grinders 
Vibrators 
Screwdrivers 
Woodborers 
Deburrers 
Shears 

Nibblers 
Tappers 
Reamers 

Nut runners 
Stud runners 
Rotary files 
Burrs 

Impact wrenches 
Tube expanders 




















Compressors 
Portable compressors 


Vibrators 
Sifters 
Hammers 
Hoists 

Winches 

Pumps 

Tube expanders 
















Clamps 

Vices 

Forging hammers 
Fettling grips 
Chucks 

Jacks 
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to as valveless tools. For heavier tools or where better control is required, mechanical valving is 
normally employed, of which there is a considerable variety in design. In general, however, the 
three main types are: 

(i) —Thimble or tubular valves. 

(ii) Plate valves. 

(iii) Flapper valves 


Tubular valves are extremely straightforward in construction and work on the "compression 
throw" principle with a high flow efficiency. Their chief limitation is that their relatively high mass 
limits the speed at which satisfactory valve action can be maintained, hence they are less suited for 
fast hitting hammers. Plate type (circular disc) and flat type valves are generally quicker acting, but 
tend to have a somewhat lower flow efficiency. The type and design of the valve chosen is, there- 
fore, usually representative of the manufacturer's own solution to the necessary compromise 
between flow efficiency and operating speed, consistent with the requirements of the particular 
tool involved. 

The majority of roadbreaking, contractors' and mining tools powered by compressed air are of 
the percussive or reciprocating type. They work on the principle of impingement of compressed air 
on alternate sides of a piston confined within a cylinder, the reciprocating or oscillating motion of 
the piston being used to actuate the tool. The tool itself may either be an extension of the piston 
or a rigid attachment to the piston, as in the case of hammer-type tools; ar the work head may 
form a separate part of the tool detached from the piston and free to move independently of the 
head, as in the case of rock drills, riveters and the bulk of the heavier percussive tools. The 
majority of modern rock drills, etc, also incorporate a self-rotating action, and thus differ in this 
respect from concrete breakers, 


Consolidated Pneumatic portable screw 
compressor in use with a CP breaker. 
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TABLE (1 — TYPICAL MAXIMUM AIR CONSUMPTION OF PNEUMATIC TOOLS 


Cubic feet fras air 


m? free air 
per minuta on full 


per minuta 


at 6 bar throttle 80 Ib/in 
(gauge! (gauge) 


Rock Drills 

Drifter drill (cradle mounted), 3 in 140—170 
Drifter drill (стада mounted), 3% in 150—210 
Drifter drill (cradia mounted}, 4 in 200—280 
Wagon drill with 4 in drifter 210 
Wagon drill with 3% in drifter 175 
Hand hammer drill {jack hammer), 28 16 БО 
Hand hammer drill (jack hammer), 35 ib А 50 
Hand hammer drill {jack hammer), 45 Ib 80 
Hand hammer drill (jack hammer), BO Ib 150 

Plug drill 30 
Sinker drill, 3 in А 125 
Sinker drill, 3% in Е 180 
Stoping drill, light 70 
Stoping drill, haavy | 125 
Dustless dry drill, 334 in : 180 
Dustless dry drill, 3 in 120 
Underwater drill 


Pneumatic Tools (Percussive) 
Concrete breaker, 75—80 Ib 
Concrete breaker, 50 Ib 1.4 
Concrete breaker, 30 Ib 1.2 
Pile driver 1.7 
Chipping and caulking hammer, light 0.3-0.35 
Chipping and caulking hammer; madium 0.5 18 
Chipping and caulking hammer, heavy 
(suitable also for % in hot rivets) 0.6 
Riveting hammer, % in, hot rivets 0.7 24 
Riveting hammer, 1 in hot riyets 0.6 26 
Riveting hammer, 1% in hot rivets 0.8 29 
Riveting hammer, 1.3, in hot rivets 11 35 
Rivet buster, heavy single blow type 0.09 per rivet 3 per rivet 
Rivet cutter, rapid blow type for rivets up to % in 1.1 35 
Single blow riveter (one shot fr aircraft rivets} 0.002 per rivat 1/18 per rivet 
Staybolt riveter for 1 in copper staybolts 0.9 33 
Stand riveter for 4 in hot rivets 0.7 24 
Stand riveter for % in hot rivets ов 26 
Stend riveter for 1 in hot rivets 0.65 28 
Jam riveters as for stand riveters 
Yoke rivatars as for stand riveters 
Hammer holder-on 0.85 28 
Holder-on 0.009 per rivet 1/8 per rivet 
Wood deck caulker 0.6 22 





cont. 
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TABLE Il — TYPICAL MAXIMUM AIR CONSUMPTION OF PNEUMATIC TOOLS (contd)...... 


m? frea air Cubic faet free air 


par minute par minute on full 
at 6 bar thrattle BO Ib/in 


{паида} (gauge) 


Pneumatic Tools (Percussivel ...continued 
Pick, light 
Pick, medium 
Pick, heavy 
Spader, light 
Spader, medium 
Tie tamper 
Rammer, foundry, bench type 
Rammer, foundry, floor type, medium 
Rammer, foundry, floor type, heavy 
Rammer, back fill trench type 
Spike driver 
Scaling hammer, valveless, for surface work 
Scaling hammer for large boiler tubes 
Paint scraper 
Stone tool, for lettering and light carving 
Stone tool, for medium dressing 
Stone tool, for roughing and bushing 
Weld flux chipper 


Pneumatic Tools (Rotary) 
Drilling machine for % in holes in steel А 10—16 
Drilling machine for 3/8 in holes in steel [ 20—30 
Drilling machine for 4% in—% in holes in steel i А 20—40 
Drilling machine for 7/8 in — 1 in holes in steal ; : 40—80 
Drilling machine for 1% in holes in steel 3 E 45—50 
Drilling machine for 115 in holes in steel s . 60—120 
Drilling machine for 2 in holes in steel г А 80-120 
Drilling machine for 3 in holes in steel f + 100—130 
(For wood boring take next size smaller) 
(For reaming and tapping in steel, take next size larger) 
Corner drills as above 
Grinders with % in — % in diameter wheels 
Grinders with 2 in diameter wheels 
Grinders with 4 in diameter wheels 
Grinders with 6 in diameter wheels 
Grinders with 8 in diameter wheels 
Saw, B in diameter 
Auger drill for coal 
Sander (reciprocating or orbitat} 
Tube cutter, for tubes up to 2% in 
Tube cutter, for tubes up to 24 in — 4 in 
Tube expander, for tubes up to 2% in 
Tube expander, for tubes up to 3 in 
Tube expander, for tubes up to 4 in 
Wrenches {rotary torque) for nuts % in 
Wrenches {rotary torque) for nuts 3/B in 
Wrenches (rotary torque) for nuts % in — X in 
Wrenches (rotary torque) for nuts 7/8 in — 1 in 





COnt......... 
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TABLE 1 — TYPICAL MAXIMUM AIR CONSUMPTION OF PNEUMATIC TOOLS (contd)...... 


m? free air 
рег minute 
at G bar 
{gauge} 


Cubic faet free air 

per minute on full 

throttle BO Ib/in? 
{gauge} 


Impact wrench for nuts up to % in 0.75—0.85 

Impact wrench for nuts up to 1% in 0.85—1.7 

Spike puller, per spike 0.085 

Bath enameller 

Spray gun, small i 1-3 


Spray gun, medium О. | f 3-7 | at 50 
Ib/in? 


Spray gun, large ; ; 7--20 
Cament gun, small 2. 100 
Cement gun, medium 5 160 


'Air arbor * Б 
1/8 upwards, per 


operation accord- 
ing to size 
Air chuck, as for air arbor 
Sump pump, 90--250 gal/m y X 50—120 
Air press 0.008 up '4 upwards рег 
operation accord- 
ing to size 
Air motors, up to 1 bhp D.85—0.9 per bhp 30--35 per bhp 
Air motors 1—5 bhp 0.85 per bhp 30 per bhp 
Air motors over § bhp 0.75 per bhp 25 per bhp 
Jigger conveyor engine 11 in 3. 
Jigger conveyor engine 13% in 
Jigger conveyor engine 15% in 
Jigger conveyor engine 1734 in 
Coal cutter, percussive 2% in 
Coal cutter,percussive 3% in 
Coal cutter,percussive 4 in 
Coal cutter, Longwall, 50 hp 
Drill sharpener, small 
Drill sharpener, large 
Forging hammer (power hammer) || cwt 
Forging hammer (power hammer) B cwt 
Forging hammer (power hammer! B cwt 
Forging hammer (power hammer} 10 cwt 
Forging hammer (power hammer) 20 cwt 15.3 
Pedestal grinder with wheel, 8 in dia x 1% in face 1.3 


Grouting machine 


up to 2.85 at 
3 bar 


Variable up to 
100 ft? /min at 
40 Ib/in* 
6 


Rivet forge 0.17 
Sand blast {shot} 5/16 in jet 2.85 105 
Sand blast (shor) 3/8 in jet 4.25) at 151 
Sand blast (shot) 7/16 in jet 57 60 205 
Sand blast {shot} % in jet 7.65 | bar 268 
Sand riddler up to 3 ft x 2 ft 0.6 22 
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TABLE 1 — TYPICAL MAXIMUM AIR CONSUMPTION OF PNEUMATIC TOOLS (contd)...... 































Cubic feat frea air 
per minute on full 
throttle 80 Ib/in? 

(gauge) 


m” free air 
par minute 
at 6 bar 

(gauge) 


















































0.002 per rivet 
0.03—0.1 
0.015 per river 


1/16 per rivet 
1—3 per rivet 
7/8 per rivet 


Squeeze riveter, for 1/8 in x 3/16 in aircraft rivets 
Squeaze riveter, for % in cold rivets 
Squeeze riveter, for 3/8 in cold rivets 


Squeeze riveter, for 7/16 in cold rivets 0.04 per rivet 1% per rivet 
Squeeze riveter (for girder work) for % in rivets . 0.04 per rivet 1.1/3 per rivet 
Squeaze riveter (for girder work} for % in rivets 0.06 per rivet 2 per rivet 
Squeeze riveter (for girder work) for 7/8 in rivets 0.08 per rivet 2% per rivet 
Squeeze riveter (for girder work] for 1 in rivets 0.011 per rivet 4 per rivet 
Squeeze riveter (for airder work] for 1% in rivets 0.017 per rivet 6 per rivet 


0.0275 per rivet 
0.03 per rivet 


9% рег rivet 
11% per rivet 


Squeeze riveter (for girder work} for 1% in rivets 
Squeeze riveter (boiler work} 1.3/8 in 



























Squeeze riveter (boiler work)1,5/8 in 0.07 per rivet 24% per rivet 

Haulage or winch hoists, pendant wire rope, 3 per foot-ton 

motor type of lift 

Hoists, straight lift, direct acting cylinder type 1% per foot-ton 
of lift 

Air cylinders 1% per foot-ton 
of lift 

Stone surfacer, for large blocks 30 per foot-ton 





of lift 





Hydro-pneumatic riveter (as for squeeze riveters} 
Fettling grip or vice 









0.004 up 1/8 upwards per 
Operation accord- 
ing to size 

30 per cutter 

2 above consumption 


of rock drill 























Hot miller (1 or 2 cutters) 
Pneumatic drill leg 


0.85 per cutter 
0.85—0.85 









internal vibrator o/d 2% in 0.85—0.95 
Internal vibrator о/а 3 in 
Internal vibrator o/d 4% in 
Internal vibrator, o/d 4% in 
Internal vibrator, о/а 5% in 
Shuttering vibrators, 7 Ib 
Shuttering vibrators, 10 Ib 
Shuttering vibrators, 14 Ib 
Concrete compactor 












Rotary Tools 

Rotary pneumatic tools form a further important group. These again may be heavy duty tools for 
contractors” or mining applications, or specific workshop tools such as screwdrivers, nut runners, 
impact wrenches and grinders. 

The drive in the case of rotary tools is normally an air motor, driving a work spindle either 
directly or through reduction gearing. As with percussive tools, the work spindle may be attached 
permanently to the motor unit, or may be in the form of a detachable fitting. Thus the same basic 
air tool may be adapted, through various fittings, to power a variety of rotary work heads, It is 
more usual, however, to find such tools designed as specific rather than as multi-purpose tools. 
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In the majority of cases, and particularly with smaller rotary tools, vane motors are normally 
preferred because of their favourable torque/speed characteristics and simple, compact design. 
Piston motors may be employed for larger tools where higher powers and torque are required at 
lower operating speeds. Turbine |motors are limited in application by their very high running 
speeds and low torque and are thus used mainly for lightweight ultra high speed grinders and burrs. 
The large impulse turbine motors|with reduction gearing Whose performance is competitive with 
vane or piston motors are, however, coming more into use. 


Motor-Powered Tools 
Tools powered specifically by integral air motors, as opposed to rotary tools which are built 
around an air motor, find their main application in workshop tools, ranging from small, light- 
weight drills and grinders to large, heavy-duty tools. 

Normally al! pneumatic tools, regardless of type and size, are designed to operate on con- 
ventional compressed air supplies of over 6 bar (80 Ib/in" ), with their performance specified 
accordingly. Typical air consumptlon figures far a wide range of tools are given in Table ||. 





air and еен vacuum dust 
extraction power tools... 





THOR AI? OPERATED TOOLS 


AIR OPERATED TOOLS... 

„.. far Industrial requirements and for Mining, Quarrying and 

Public Works... 

„Grinders, Screwdrivers, Nutsetters, Tappers, Impact . 

Wrenches, Drills, Hammers, P Suspension Balancers, 

Breakers, Clay Diggers, Rock Drills, Sludge & Sump Pumps, 

Concrete Vibrators, Utility Hammers, Compactors... E 
LES OUTILS PNEUMATIQUES... 


„. adaptés aux besoins de I’ Industrie et des Mines et des 
Entreprises de Travaux Publics ... 

„+ Meuleuses, Visseuses, Boulonneuses, Taraudeuses, 
Cles a Chocs, Perceuses, Marteaux, Palans — 
Equilibreurs de Suspension, Marteaux Piqueurs, Brise- 
betons, Perforatrices Rotatives, Pampes, Vibrateurs, 
Marteaux Universels, Dameurs a betons... 


$> 


DRUCKLUFT WERKZEUGE... 


..,in allen Produktionsbereichen der Industrie und im Bergbau, 
Steinbruch Tief-u. Strassenbau ... 

..; Drehschrauber, Winkelscrauber, Gewindeschneider, 
Schlagschrauber, Bohrmaschinen, Meisselhammer, Hebezeuge, 
Federzuge, Hammer, Abrau- und Spaten Hammer, Gesteins 
Bohrhammer, Pumpen, Ruttler, Mehrzweckhammer, 
ee (А er... 


ИО STEWART-WARNER LTD 

THOR TOOLS DIVISION 

Tynemouth, Tyne & Wear, England, Tel: North Shields 
EXCELLENCE (0632) 590655 Telex: 53602. Answer Back ТНОКЗУ G 
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Contractors' Tools 





THE MAJORITY of tools in this category come under the general heading of breakers. They are 
basically hammers used in combination with chisels or steels for demolition or cutting on various 
materials, The shape of the steel wil! depend on the material to be worked, a pointed steel being 
used on concrete and similar hard materials, and a wide chisel-edge for softer materials such as 
asphalt. For digging or trenching work a spade-shaped steel can be fitted, whilst further attach- 
ments may adapt the breaker for ramming, pile-driving, etc. 

Tools of this type normally range in weight from about 14 to 40 kg (30 to 90 Ib), depending on 
the specific duty intended which also influences the degree of robustness of construction. 
Arbitrary classifications are ‘light’, ‘medium’ and 'heavy' duty. 

Heavy breakers are used for demolishing concrete foundations and walls, breaking concrete 
pavement, trenching in very hard ground, etc. Medium breakers are used for breaking light con- 
crete pavements and floors, tarmac and similar surfaces. Light breakers are used for light demoli- 
tion work on floors, paving and masonry walls, and as general utility ‘trimming’ tools. 

Air consumption in the case of breakers will vary considerably with size and duty, and may 
range from 0.93 m? /min (30 ft? /min) at 6 bar (80 Ib/in?) for light breakers to 2 m? /min (70 
ft? /min) at 6 bar (80 Ib/in? ) for heavier tools. 

All breakers employ solid steels which are driven without rotation and thus provide, in effect, a 
straightforward chiseling action for breaking, driving or tamping. А wide variety of different tools 
may be used, depending on the work involved. Fig 1 shows a selection of steels used for road 
ripping. Further attachments can include pipe or sheeting drivers, spike drivers, light pile drivers, 
etc, depending on the capability of the tool — eg sheeting and light pile driving would normally be 
limited to heavy breakers. 

Various types of tool retainers are used such as a latch or spring as well as link locks and 
patented retainers, The size of the tool shank varies according to the class of the breaker, eg from 
25 mm by 100 mm (1 in by 4% іп) in the case of light breakers to 30 mm by 150 mm (1X in by 
6 in) for heavy breakers. 

In the case of breakers, a T-shaped handle is normally employed with the throttle valve con- 
veniently located above one side of the handle. The throttle action normally also operates a built- 
in lubricator as adequate internal lubrication is an essential feature with such tools. This does not 
necessarily preclude the use of an air line lubricator, In fact, the additional use of an air line 
lubricator is generally recommended, 
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Fig ! Road ripper accessories. Тор row 
left to right) chisel edge steel (asphalt 
cutting), wide curved scoop, wide fiat 
ade, digger. Bottom row [left ta right} 
plug and feathers, tamper, chisel pointed 
steel, frost wedge, pointed steel. 


= 





Fig 2 Range of accessories. Top row (ећ to right) curved scoop, flat spade, digger blade, 
той point, chisel point. Bottom row (left to right} curved scoops, moil point, chisel point, 
{Holman Bros Ltd). 
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Spaders (Diggers) 

When designed specifically as a spader or clay digger the tool is normally smaller than a concrete 
breaker and generally has a D-shaped handle, Provision may also be made to fit an extension 
handle so that the tool may be manipulated and controlled when digging narrow trenches. All 
types of spacers consist essentially of a light to medium duty size hammer body capable of taking 
a variety of different spade, scoop and chisel shaped steels, Air consumption of a typical tight duty 
spader is usually of the order of 0.7—0.85 m? /min (25—30 ft? /min) at 6 bar (80 Ib/in?} and that 
of a medium duty spader 0,85--1.13 m? /min (30—40 ft? /min) at 6 bar (BO Ib/in? ). 


A spader may also be used for light demolition work, or as a pick, by fitting a moil or chisel 
point instead of a spade — see Fig 2. It may also be produced in specific forms, viz: 

Clay digger — for digging or trenchwork, fitted with a D-shaped handle and inside ог 

outside throttle control trigger. 

Trench digger {Trencher} — with an extended T-shaped handle for open trench evacua- 

tion, the length of the handle allowing the operator to stand upright. 


Tampers 

А tamper is a pneumatic hammer fitted with a tamping bar. Size and weight can vary considerably, 
but a typical tool of this class would weigh some 13,8—18 kg (30—40 Ib) with an air consumption 
of the order of 0.57 m? /min (20 ft? /min} at 6 bar (BO Ib/in? ). 

Special designs of tamper may be used for work in confined areas, also multiple tampers for 
working over large unrestricted areas. Thus a duplex tamper would comprise two separate tampers, 
parallel mounted with a common handle, and a triplex tamper, three separate tampers similarly 
mounted. The triplex arrangement is much to be preferred for multiple operation since the tamper 
blows can be desynchronized to produce denser compaction. 


Rammers 


А rammer is essentially the same tool used for such work as consolidating back-fill in trenches and 
excavations and general compacting work which may come under a contractor's specifications. 
The typical contractors' tool of this type has an air consumption of the order of 1 m? /min (35 
ft? /min) at 6 bar (80 Ib/in? ). Smaller rammers, with correspondingly reduced air consumption, are 
used for foundry work (see chapter on Workshop Tools). Large rammers may be trolley mounted 
for ease of manipulation. 


Concrete Vibrators 


Light, fast-acting pneumatic hammers are used for concrete vibration by being bolted or clamped 
to the shuttering. They are normally relatively small in size (eg about 4.5 kg (10 Ib) weight) and 
any number of hammers may be attached to the shuttering, depending on the thickness and 
surface area of concrete involved. Rammers also are sometimes used for concrete vibration 
although they are less effective than vibrators for this class of work since the latter may have 
speeds of up to 5 000 blows per minute, 


Stone-Working Tools 


Special stone-working tools for light or medium dressing range in weight up to about 2.7 kg (6 Ib) 
with air consumption figures from 0.7—0.85 m? /min (5—10 ft? /min) at 6 bar (80 Ib/in^). They 
are normally high-speed hammers (often of valveless construction) and the tool tip may be 
permanently attached and hardfaced, or detachahle. Slightly larger tools of this type may be used 
for roughing and bushing, with air consumption figures of up to 0.42 m? /min (15 ft? /min) at 6 
bar {80 Ib/in? ). 
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In addition, contractors’ work may involve the use of tools more properly classified under 


mining tools, or rock drills. 


Rock Drills (Figs 3 and 4) 





As a rough classification, portable or handheld rock drills can again be grouped as ‘light’, ‘medium’ 
and 'heavy', typical weights being 16 kg (35 Ib), 20 kg (45 Ib) and 25 kg (55 Ib) respectively. 
Heavier rock drills of 34 kg (75 Ib) weight or more are sometimes referred to as 'sinkers', par- 


ticularly when employed for shaft sinking. 


— 
—_— мди 


а? 





BBC 17WTH 


RH 571-31. 


B8D 91W 











BBC 25W 





BBD 46W5 


BBC 24D | 





BBD 12LH 





BBD 11LT 


| Fig 3 Examples of hand held rock drills. 


{Atlas Copco}. 
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COP 115ED COP 1038HD 


te 


Fig 4 Rock drills for mechanised 
~ 7 Ра tunnelling and drifting. 
[Atlas Copco? 






COP 126ED 


A rock drill is a percussive hammer driving a drill bit. Although the form and construction is 
similar to that of a concrete breaker, one difference is that on the upstroke spiral flutes on a twist 
bar or rifle bar engage with a nut on the top of the piston causing the drill bit to be rotated 
through part of a turn. The other end of the rifle bar accommodates pawls operating in a ratchet 
ring, disengaging on the downstroke to allow the drill to be driven straight without rotating. Each 
return stroke (only) is thus accompanied by partial rotation of the drill steel so that the resulting 
hole is circular. The rate of rotation of the drill is arranged to suit the conditions under which it 
will be used and some designs may incorporate provision for adjusting the rate of revolution. Other 
designs may incorporate a control releasing the ratchet so that starting and stopping of drill 
rotation is under the control of the operator. In the case of very heavy duty drills — eg large 
capacity drills of large diameter — rotation of the drill may be achieved by a separate air motor 
(usually piston type) because of the high torque required to rotate the drill. 


Rock drills may also be classified as ‘wet’ or ‘dry’ types depending on the method employed for 
cleaning the drill hole. ‘Wet’ drills are normally used for underground mining where the drilling 
dust is damped down by a water spray applied under pressure from an outside source led down to 
the bottom of the hole through an internal water tube. Dry drills utilize compressed air for hole 
cleaning, by either continuous blowing or a pulsating flow of compressed air supplied through the 
steel during drilling — see also Table I. 


TABLE | — ROCK DRILL CATEGORIES 


Category Plug Medium Heavy Sinkars 
9 kg 20 kg 25 kg 34 kg or more 


Weight (20 Ib) (45 Ib) (55 Ib} (75 Ib or more) 


Piug and Coal mining, General Deep rock Shaft sinking 


feather work small hole drilling drilling 
light hole drilling work 
drilling 


18–2.4 m 5-6 m 
(6—8 fi) {up to 
16-20 ft) 
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Integral Shank adapter 


steels 


Reaming bit with pilot adapter 


Drill stee! and specia! equipment, 
{Айаз Copcd). 


Overburden drilling equipment 


It will be appreciated that although it is capable of cutting a circular hole the actual action of a 
rock drill is that of continual hammer blows crushing the rock. To keep the hole free and reduce 
the risk of the drill jamming, compressed air or water can be forced into the hole through a hollow 
drill, blowing or washing away «ћејсгизћед rock parts as they are produced, 

In the case of compressed air blowing the operator has various methods of directing compressed 
air to the bit end, such as opening a transfer valve to limit piston travel and/or direct air to the bit 
end, or holding the piston at mid stroke to allow live air to travel down to the drill shank, etc. 
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With wet drilling — also known as dustless drilling since the water fed inta the hole damps down 
the dust formed by the drilling action — the water stream may be led down through an internal 
water tube. А separate valve controls the water flow and this may be used with compressed air 
blowing — je cleaning of the air is done by air blowing, and damping of the dust by the water 
stream. An alternative method still used is an attachment fitted to the side of the drill which 
directs an atomized spray of water onto the drill and into the hole. All have certain limitations as 
regards true 'dustless' drilling. 


Drifters 


A drifter is a rock drill specially adapted for horizontal boring, mining or tunnel driving, etc, 
although it may also be suitable for angle drilling. It may be supported on a column or crossarm, or 
fitted to jibs or booms for enhanced mobility, in which case a number of drills may be mounted 
on the same chassis or trolley. Multiple drilling rigs of this type have particular application for 
quarry work as well as tunnelling and underground working. Standard drifters are made for wet or 
dry drilling with controlled blowing, or in vented form, 


Stopers 

Stopers are used mainly for overhead vertical or near-vertical drilling in underground workings and 
comprise a percussive-type air drill attached to a pneumatic cylinder which acts as a telescopic leg 
both to support the drill at the working height required and to provide forward feed. Modern 
types of stoper may also be provided with automatic self-rotation in a similar manner to that 
standardized for rock drills (/e by means of a rifle bar and ratchet mechanism) although the design 
differs in other details (eg stopers may employ a collared chuck for retaining the steel and omit the 
usual anvil action for increased speed of drilling). In other respects they are similar to rock drills 
and are made for both wet and dry drilling. 


Self-Propelled Drills 

In mining and quarrying, considerable use is made of self-propelled drifters and similar drills, and 
such tools can also be mounted on a wheeled cradle or trailer which can be pushed or towed to the 
position required. The drill itself is mounted on a boom and controls over drill position, angle and 
rate of feed may be manual or provided by pneumatic or hydraulic power. 

Fully mobile, self-propelled units may or may not incorporate a compressor as part of the rig 
and may be based on a wheeled or crawler tractor configuration. In such larger units hydraulic 
power is often employed for raising and lowering the boom, the hydraulic pump being driven by 
the engine; or all motions may be operated entirely from a compressed air supply. Drilling rigs of 
this type may also be designed in the form of attachments for mounting on standard tractors, with 
provision made for both percussive and rotary drilling by fitting an adaptor and rotary bit in place 
of the hammer unit. 


Rotary Tools 

In the case of a rotary tool the driver is in the form of an air motor built into the tool, the high 
power/weight ratio of such motors making them particularly adaptable to maintaining speed under 
load. Free running speed as well as load speed can be controlled through tha use of a governor or 
similar device, thus enabling constant speed working to be maintained, if necessary under varying 
load. This is particularly applicable in the case of such tools as grinders and rotary drills. Gear 
trains and clutches may be added to all types of motor, with the torque multiplication obtained 
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by reduction gearing especially significant in the case of torque wrenches, nut setters, etc — tools 
subject to high torque loading. 

Rotary tools may be grouped in the same way as percussive tools, and individual tools are 
discussed under their respective headings. 


Rotary Contractors' Tools 

There are considerably fewer rotary tools in this category than percussive ones, although a variety 
of types have been developed for specific applications, These embrace, mainly, concrete vibrators, 
shank grinders, sump pumps, hoists and Winches {although the last two are more properly 
classified as miscellaneous pneumatic devices). 


Concrete Vibrators 

Rotary type concrete vibrators are normaily on the ‘internal’ type for placing within the mass of 
concrete — /e the concrete is dumped over the machine to completely immerse it or the vibrator 
so designed that it can readily be immersed in a mass of concrete, The concrete mass is than 
vibrated by operating the machine for a predetermined period of tima (usually about half a minute 
or slightly less). 

The basis of a concrete vibrator is usually an eccentric weight mounted on low friction bearings 
and capable of being rotated at high speed by an air motor, The unit is fully enclosed within a steel 
casing which is completely sealed, thus preventing entry of either water or concrete. Both delivery 
and exhaust (air return) lines are attached to the casing so that exhausted air is carried away from 
the machine and not vented into the concrete mass. Sizes vary from about 62,5 mm to 160 mm 
{2% in to 6 in) diameter, with weights between about 11.5 and 45.4 kg (25 and 100 Ib). 

A vane type motor is normally employed for this type of tool with the speed limited by a 
centrifugal governor linked to the air control valve. 


Shank Grinders 

The shank grinder is a form of rotary grinder with a specially shaped recessed cup grinding wheel 
for truaing, squaring up and deburring the ends of steels used on percussive type tools. The wheel 
is normally driven by a vane motor fitted with a centrifugal governor and provision is made to 
oscillate the wheel across the workpiece, eg by employing a pivoted grinding head manipulated by 
a hand lever. Other controls may be provided for feeding and clamping the steel or workpiece in 
position. The centre of the wheel may also be fitted with'a reaming bit. 


Sump Pumps (Figs 5 and 6) 

Sump pumps are designed expressly for dewatering excavations, etc, where they may be called 
upon to handle sludge and mud as well as clear water. Itis also desirable that the geometry of the 
unit be arranged to pump down to the lowest possible level. 

А sump pump thus consists of a suitable pump {almost invariably a simple self-priming centri- 
fugal type) powered by a suitable driver (an air motor in the case of a pneumatic unit). Both 
piston and vane type motors тиу be used, although the latter are usually preferred. The motor 
spindle is then usually connected directly to the pump at motor speed, 


Speed control is ашпоз by. a centrifugal governor or similar device, control being neces- 
sary to prevent the motor (and pump) overspeeding should it be left running after pumping dry. 
Equally, the pump must be suitable for running 'on snore' without damage, unless provision is 
made for automatic cut-off and restart, 





CONTRACTORS' TOOLS 305 






EHCIOR VALVE 






| | Fig 5 Air-operated sump pump type 38 
for industrial duties. 
{BroomWade Ltd). 


DISCHARGE CHICK эл TMRET CHECK VALVE 


Fig 8 Ejector type sludge pump. 
(Consolidated Pneumatic Tool Co.Ltd). 


The compressed air sump pump has the additional advantage that where high heads are involved 
delivery can be assisted by air lift by injecting the air stream into the pump outlet. іп this manner 
greater heads can be achieved than those delivered by the pump alone. This is not necessarily a 
feature of sump pumps as such, but may be incorporated on units designed for high heads. 








Workshop Tools 





AIR-OPERATED workshop tools can be divided handily into rotary tools generally powered by 
air motors and percussive tools operating on a similar principle to rock drills, etc. 

Rotary tools can be divided under the following headings:- 

(i) grinders and abrasive tools; 

(ii) drills; 

(iil) screwdrivers, nut runners, impact wrenches, etc. 

There are also a considerable number of specialist tools developed for particular industries and 
standard types of air-operated tools adapted to specific duties. 

Percussive tools such as chipping hammers, ramrmers, core busters, riveting hammers, etc, are ај! 
basically the same type of tool, but with differences in stroke and diameter of piston and speed, 
accarding ta the duty specified, Scaling hammers are designed for fast speeds and low impact 
energy blows. Chipping hammers have a high speed with a medium or short stroke. Riveting 
hammers normally have a long stroke and a slower speed of working. 

All such hammers normally have a throttle valve regulating the air supply so that the hammer 
may be started slowly if desired, and subsequently operated at any speed from slow to maximum. 
The return stroke of the piston is cushioned to make the tool easier to hold and manipulate. 


Grinders and Abrasive Tools 


These, basically, comprise an air motor carrying a grinding wheel or abrasive wheel, etc, normally 
on the shaft extension, or in some cases driving the wheel through reduction gearing. The fitting 
of buffing wheels, wire brushes, etc, is usually a simple alternative, and thus the basic grinder 
becomes a multipurpose abrasive tool in this respect. Grinders may be made as portable or fixed 
units, depending on size and duty requirements. Portable units predominate numerically. 

Most modern grinders are fitted with governors to ensure an optimum operating wheel speed 
without exceeding the maximum. 

Vitrified bonded wheels are limited to a maximum peripheral speed of 6500 ft/min (33 m/s) 
permitted speed when idling. Conventional resin-bonded grinding wheels permit maximum peri- 
pheral speeds up to 9 500 ft/min (48 m/s). Glass-reinforced grinding wheels and specially sectioned 
wheels may be capable of safe operation at peripheral speeds up to 16000 ft/min (BO m/s). 





WORKSHOP TOOLS 307 






BEARING. 
METAL 
ENG PLATES 


EAaCLUSIVE 





AUTOMATIC 
OVER SPEED 
Ser. Sacs ton moe калыны; COM TROL 






PROOF 


mare булга one EXHAUST 
BEARINGS puede ie 
"мо GOVERNOR 


MUFFLER 


Straight grinder shown in section 
(Thor Tools). 


Grinders may be generally classified as — 

(ај straight or horizontal grinders 

(b) vertical or surface grinders 

(c) angled or angle-headed grinders, referring to the attitude of the grinding wheel relative to 

the body in portable tools, and 

(d) pedestal grinders where the complete tool is mounted as a fixed unit, normally with foot 

control of the motor to permit the workpiece to be manipulated with both hands. 

Other types of 'fixed' grinder for bench mounting are basically portable grinders mounted in 
suitable stands. 

Sizes of portable grinders range from very small, light, high-speed units running up to 100 000 
rev/min (in which case turbine motors may be used) and with a maximum wheel capacity of about 
2 in {50 mm) diameter, to large, heavy-duty models running at up to 4 000 rev/min with a wheel 
capacity of up to 8 in (200 mm) diameter. There is a very wide variety in individual detail design, 
and also in the production of 'specific type' grinders — eg for particular types of dressing work. 

Die-grinders for zmall wheel sizes may employ vane type motors for speeds up to 40 000 rev/ 
min although 20 000 rev/min is the more usual maximum when a wheel is fitted, With the high 
operating speeds burrs, rotary files and abrasive points are the normal attachments. Typical duties 
for this class of tool include deburring, touching up welds, finishing castings, etc. The very light 
point grinders with speeds of up to 70 000 rev/min employ turbine motors. 

Conventional grinders, or ‘straight’ grinders are normally classified by their wheel capacity (ie 
grinding wheel size) related to the maximum permissible or ‘safe’ speed for the wheel. Speed 
control is provided by a governor to restrict the air supply as load decreases, and vice versa. By 
changing the tension of the governor spring or the size of the governor weights the speed of the 
motor can be altered to suit various types or sizes of wheel. Speed governors also restrict the no- 
load air consumption of the motor and safeguard the vanes and cylinder against undue wear. 


Sanders 
Vertical sanders are essentially the same as vertical grinders with the exception that a sanding 
disc and pad is substituted for the grinding wheel. Standard disc sizes are 5 in (125 mm], 7 in 
(175 mm) and 9 in (225 mm) diameter. Standard speeds normally range from 1 000 to 10 000 
rev/min, depending on the size of the tool and the duty involved. 

For lighter work the right angle sander is particularly attractive since the tool body and handle 
are at right angles to the disc. This may take the form of a right angled attachment for fitting to a 
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normal grinder body or a right angled drive incorporated a5 an integral feature of the body, with or 
without reduction gearing. Speeds narmally range from 2 000 to 10 000 rev/min, depending on 
the size and duty. 


Horizontal grinders may be adapted as belt sanders (or belt grinders) by the fitting of an attach- 
ment comprising, basically, a large diameter driving pulley separated from a Jockey wheel with an 
abrasive belt looped between the two wheels. The driver wheel is also used as the contact wheel 
for working and is commonly made of rubber. 


Orbital sander 
[Sunüistrand) 





In addition to disc and belt 67 portab e air-operated orbital sanders are produced for both 
wet and dry sanding operations. А typical toal of this type weighs 4—5 Ib (1.8—2.25 kg) with an 
air consumption of 6- 10 ft? /min (0.17—0.28 m? /min) and an oscillating rate of Б 500 cycles per 
minute, and is often designed for moderate air pressures (eg 50—75 Ib/in?) (3,5 to 5.25 bar). 
Larger machines with opposed pads reciprocating in opposite directions are also available for 
production line work, etc. 


Rotary Files 
Rotary files and burrs are used for light finishing work, weld finishing, deburring, etc. Spindle ` 
speeds are somewhat lower than that common with grinders, from 1 000 to 3 000 rev/min being 
usual when dealing with hard me ‘als. Higher speeds can, however, be used on softer materials and 
also when using carbide burrs. | 

For small and intricate work ча burr or rotary file may be driven via a flexible extension shaft 
for maximum ease of manipulation, and ане permit access of the tool into restricted areas. 
Speeds are usually higher with small diameter burrs, and in specialized applications, such as dental 
drills, the tool may be powered by a turbine motor. 


Blow gun 
{Byna-Quip Ltd) 
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Dust Extractors 

Dust extractors may be fitted as separate devices to grinders, sanders, wire brush machines, fettling 
chisels, etc, to extract at source dust created by the tool. They are normally designed specifically 
to suit a particular type of tool — eg grinding wheel, sanding disc, chisel, and comprise, basically, a 
suction nozzle or extractor head connected by a flexible line to the extractor. 


Drills 

Sizes range from the smallest lightweight drills weighing less than 1 tb (0.45 kg) with a drill 
capacity of up to 1/8 in (3 mm) diameter, to large, heavy duty tools which may weigh up to 150 Ib 
(6B Kg) and have a drill capacity of 3 in (75 mm} diameter. Free-running speeds may vary from 
15 000 rev/min in the case of the small light duty drills down to 75—125 rev/min in the case of 
heavy-duty tools. Speed control is usually provided via a throttle valve and most types are available 
either with uni-directional or reversible rota ion, the latter being a necessary feature for tapping 
and other duties. Non-reversible drills may be preferred for specific operations, eg reaming. 






Angle drill 
{Thor Tools). 





Desoutter mode! RB5-P—2100 multi- 
purpose air drill with new pistol grip 
body. 


Although described as drills, tools of this type can take a variety of bits other than drills, and 
thus may be equally suited for reaming, tapping, stud setting, stud driving, tube rolling, etc. Many 
tools so described are, in fact, air drills with the appropriate attachment. Similarly, other attach- 
ments may be available for drilling, etc, with fixed angle heads, 30°, 45° and 90°, and adjustable 
angle heads. The shape may vary from purely cylindrical form to pistol grip tools, either or both 
capable of taking a variety of attachments. 

Performance of air drills, particularly in the lightweight sizes, is generally superior to any other 
type for virtually all drilling jobs, with the lightweight and high power/weight ratio making for 
faster working and easier handling in the case of portable tools. Air drills can also be readily 
adapted to self-feed or mechanical feed, either as portable units or mounted in fixtures, as well as 
being particularly suited to multi-drilling rigs. 

Larger heavy-duty air drills are normally fitted with a Morse taper socket chuck, sizes ranging 
from No 1 or No 2 in the case of 3/16 in (14 mm) and 7/8 in (22 mm) drills up to No 5 in the case 
of 3 in (75 mm] capacity drills. The chuck may also be fitted with an ejector pin to enable the drill 
to be removed readily. Large capacity drills also normally incorporate some form of self-feed. 


Wood Borers 
Wood borers, again, are basically air drills designed for slower running speeds and fitted with 
reversible motors to assist in backing off and withdrawal of the auger bit. Typical size ranges and 
speeds are: 

up to 1 in (25 mm) auger capacity, 750 — 1 000 rev/min 

up to 2 in {50 mm) auger capacity, 600 — 750 rev/min 

up to 3 in (75 mm) auger capacity, 250 — 350 rev/min 
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Tools in this category are widely used for heavy timber construction. Forlighter wood boring 
duties standard air drills may be used with auger bits, driven through a reduction gearbox if 
necessary. 


Woodworking 


The range of pneumatic powered tools for timber and woodworking duplicates that of electric 
portable tools, with certain advantages. For example, it is readily possible to provide reversible 
motors in air-powered tools (eg woodborers). In addition, nortable pneumatic tools are light in 
weight for their work capacity, generally reliable in operation, safe to use under conditions where 
an electric motor to electric supply may represent a hazard, and have low operating costs. Also an 
air-powered tool can be stalled without damage, unlike a 1 electric powered tool. 

Woodborers — these are designed specifically for accommodating a range of auger bits with 
lower rotational speeds than drills. The usual capacity range is from % in (6.4 mm) up to 4 in 
(100 mm) diameter (auger size) and in various sizes of shank. Various auger shapes are used, 
according to the timber to be bared — eg a Scotch auger for rough timbers, a round nose auger for 
angular boring, special augers for green-heart, etc. The larger woodborers are usually reversible as 
this is a highly desirable feature where large holes are being drilled, 

Drills — the pneumatic drill is the counterpart of the electric drill and for woodworking may be 
fitted with a wood bit chuck. Working capacity usually ranges up to about 7/8 in (22 mm] auger 
diameter, according to the size of the tool. The drill may or may not be reversible. In the latter 
case it is generaily recommended that the auger diameter be restricted to a somewhat lower figure, 
especially when long augers are being used. 

Saws — tools available in this class range from pneumatic-powered chain saws for contractors’ 
work ta small portable or bench) type circular saws. Reciprocating saws are also produced, usually 
in smaller sizes for fitting with standard hacksaw blades. A particular feature of a pneumatic 
powered chain saw is that it can бе used under water. In this case a safety throttle is advisable so 
that the saw motor stops immediately should the driver(operator) accidentally lose his grip on the 
tool. 

Adze — for use as an adze a timber slicer can be fitted to certain types of pneumatic hand drills. 
The light overall weight of the resulting tool makes it particularly easy to manipulate compared 
with any other form of powered adze. 

Screwdriving, nail driving, sanding and similar duties can be also be performed by specific and 
standard pneumatic tools, the range of such tools and attachments being very wide. 


«Е А 





Pneurnatic screwdrivers 
(Ана Copco) 





Screwdrivers 


Screwdrivers are normally powered by vane motors driving through planetary reduction gearing 
to reduce the spindle speed to a suitable value. The motor may or may not be reversible. There 
is considerable variety in detail design and shape — eg straight or offset handles. Although they are 
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light and compact, provision may also be made for suspension of a tool by lightweight balancers to 
reduce operator fatigue on a production run, whilst other devices such as Pneumatic or magnetic 
pick up of screws may be incorporated. Numerous clutch and torque control methods are also 
employed. 


With geared drives speed and torque are directly related, те a low speed gives higher torque, and 
vice versa, Choice of torque and speed depends on the nature of the assembly, the materials 
involved and the speed and accuracy required. In some designs of screwdriver there is provision to 
adjust torque. Ideally the choice should be а screwdriver which 15 fast, easy to handle, and adapt- 
able to different jobs (unless employed at a specific point on a production line where the duty 
requirement does not change). 

With direct drive the screwdriver bit is connected directly to the motor via the reduction gear- 
ing, hence maximum torque is equal to the stall torque of the motor multiplied by the reduction 
gearing, the air pressure being regulated so that the tool will stall when the screw is driven home. 
A simple clutch may, however, be fitted in order to make it possible for the operator to present 
the tool to the screw with the motor running, although the driver is stil! classified as a direct drive 
type since there is no limitation on applied torque below the stall torque. 





Uni rork. (top) and adjustable clutches 
for screwdrivers /nut-serters 
(Thor Tools). 


Desoutter screwdrivers in use on à 
vacuum cleaner assembly fina 





Where torque limiting is required, either a positive clutch or a torque-limiting clutch can be 
incorporated. In the former case the clutch is, usually, of the dog type held apart by a spring, the 
clutch being engaged by forward pressure on the tool. Releasing pressure on the work allows the 
clutch to disengage, thus the motor keeps running although the screw is not being driven home. 
In practice this means that the operator can regulate the amount of torque transmitted by varying 
the amount of downward pressure applied to the tool. 

With a torque-limiting device the clutch is a little more complicated but can be preset to slip at 
a given torque level, The tool will then transmit torque only up to that level, after which the drive 
will slip. There are numerous designs of torque-limiting clutch which provide this facility, the 
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most common usually employing two sets of opposing clutch faces, one set providing the engaging 
clutch and the other the slipping clutch disengaging at a predetermined torque level. 

Screwdrivers with torque-limiting clutches are generally to be preferred, particularly for light 
tools used for work on finished surfaces or where precise fastening torques are required, as they 
are far less liable to slip or damage the fastener and do not place a premium on operator skill. 


Nut Setters | 

Basically these are identical to screwdrivers with a socket Би replacing the screwdriver bit. They 
are produced in straight or angled forms and with a handle or grip shape and size consistent with 
the working loads and reactions likely to be invalved. 

Torque contral may be even more important in order to avoid over-tightening, in which case a 
torque-limiting clutch is to be preferred. Motors are invariably made reversible to enable the 
runner to be used for assembling and removing nuts. Larger sizes of nut runners need not be fitted 
with a clutch since in such cases the operator can more readily handle the stall torque of the tool 
without losing control. | 

The inherent characteristics of both screwdrivers and nut setters make them particularly suited 
for multi-point working assembled on a suitable jig or fixture for production line work, Close 
spacing can be achieved by stacking the individual tools at different levels or positions, as 
necessary, with extension bits to tring all the sockets intojthe same plane as the work. In multiple 
units it is also possible to arrange for a pre-set sequence of tightening individual nuts if required. 


Reamers 
Special tools are not normally produced for reaming since this duty can be performed by a 
standard drill reducing the capacity by approximately 25%, ie the reaming capacity can be taken as 
75% of the drill capacity. 

Virtually any size of drill can be used for reaming with such a reduction in capacity. Smaller 
drill sizes, however, may exclude tapping as a permissible duty. 


Tappers 

Standard air drills, nut setters, screwdrivers, etc, may be used as tappers within the capacity of 
the motor, which will be lower than the capacity for drilling. The reduction in capacity is usually 
of the order of 40—20% — eg typically a drill with a drilling capacity of 9/16 in (14 mm) will have 
a tapping capacity of 5/16 in (B imm) to 7/16 in (11 mm), a size with a 1 in (25 mm} drilling 
capacity would have a tapping capacity of 3/4 in (20 mm], and so on. 


In addition, air tools may be specifically designed as tappers, when it is usual to provide a 
higher reverse speed for withdrawal of the tool. 


Impact Wrenches | 

The impact wrench is merely another form of the screwdriver or nut setter except that with 
increasing torque load the driving or running action is automatically converted from a smooth 
torque into a series of rapidly repeated impacts. Besides making it possible to exert very high 
tightening (or loosening) torques (very much higher than those provided by a continuous drive), 
torque reaction on the operator i practically eliminated Since the turning effort at this stage is 
developed by impact blows instead of sustained torque. 


Typical sizes of impact wrenches range from about 17 Ib (0,7 Ка) i i | i 
г ‹ | „7 Кај in weight with a bolt 
of 7/32 in (5.5 mm) diameter, up to 600 Ib (270 kg) with a bolt capacity of 12 in [300 mm} 


diameter. 
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impact wrenches 
[Atlas Copco} 







Gardner-Denver torque control right М. 
angle wrench giving torques from 29 ft + 
ibs — 98 ft ibs. with better than + 5% 
repeatable accuracy. 


The correct choice of socket is particularly important in the case of an impact wrench, for this 
is subject to considerable stressing and needs to be stronger than conventional sockets of similar 
size. Sockets for impact wrenches are normally made of heat treated alloy steel. 

For convenience of handling, impact wrenches commonly have а D-shaped handle with, often, 
a side handle. However, since the torque is imparted as a series of very rapid impact blows torque 
reaction is comparatively low, as far as the operator handling the tool is concerned. 

In smaller sizes, impact wrenches may have D-shaped lever or pistol grip handles. 

Impact wrenches may also be used for stud driving, screwdriving in the case of larger wood- 
screws, machine screws and self-tapping screws, and various other duties, using suitable bits. Stud 
runners are usually standard forms of nut runners fitted with stud setting attachments. 


A torque control ratchet wrench from Gardner-Denver com- 
bining high torque repeatability with access to awkward bolt 
heads, 
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Nibbler 
(Atlas Сорсо} 





СР 42 Aw Nip pneumatic. wire cutter 
[Consolidated Pneumatic Тоо! Со). 





Shears and Nibblers 
Two basic types of action are employed in metal-cutting tools of this type — 
(i) a definite shear action provided by two blades working in the manner of a pair of scissors; 
and 


(ii) а nibbling action provided by a cutter punching out small portions of the sheet material 
as it progresses along the cut line. 
Power in either case is normally provided by a vane type motor driving through reduction gear- 
ing (usually through a right angled head). 
in the case of shears the cutting blades are visible during operation, thus a marked line can 
readily be followed. With a nibbler the cutting elements are normally obscured by the head, 
demanding the use of a template for accurate cutting. Both types of tool, however, have the same 
application and in addition to sheet metal working can be used for cutting other materials such 
as non-metallic sheets too hard to be sawn. 


Typical sizes range from about 3—15 Ib (1.4—2.25 kg) in weight, individual tools normally 
being rated according to their capacity for cutting various gauges of metal. The larger models have 
a capacity of up to 12 swg (2.6 mm) in sheet steel and may achieve cutting speeds of up to 10 
ft/min (3 m/min) in this thickness of mild steel sheet. Nibblers may have a slightly higher capacity, 
eg up to 8 swg (4 mm) in mild steel sheet. 


Tube Expanders 


Air drills of 1 in (25 mm) and upwards may also be used as tube expanders and are able to expand 
up to about 150% of the drill capacity — eg a 1 in (25 mm} capacity air drill may also be rated for 
tube expanding up to 1% in (4U mm). Impact wrenches also may be used for tube expanding 
operations. For heavy duty tube expanding work, however, special tube expanders are normally 
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used which may employ either a vane type or piston motor, Free speed is usually very low with 
extra heavy duty tube expanders (eg 20 to 40 rev/min) with stall torques ranging up to 3 000 
ft/lb (415 m/kgl. 


Circular Saws 


This type of tool is purely a conventional circular saw driven by an air motor via a spur train or 
worm reduction gearing (in the case of portable units). It can be considered the equivalent in size 
and scope of a portable electric saw, although generally lighter and more compact for a given 
capacity because of the higher power/weight ratio of an air motor. 

Motors used are normally of the vane type. Various additional attachments may be fitted for 
expanding the scope of the saw for grooving, rebating, etc, similar to electric motor powered saw 
sets. Reciprocating blade saws may also be powered by air motors as jigsaws, power hacksaws, 
etc, as well as for use as power files. In such cases exhaust air is usually direct to blow over the 
workpiece and so clear the cutting area of dust and swarf. 





Aro power and milling motor. 


Tool Chucks 


Air-operated chucks offer many advantages over normal manual chucking arrangements, particu- 
larly as regards the speed with which workpieces can he mounted on or removed from the 
machine. 


In a typical air-chuck, operation of the chuck is controlled by movement of a piston in an air 
cylinder, this movement being transferred by toggle linkage to the chuck jaws. Air pressure to the 
cylinder is normally under the control of a reducing valve enabling the chuck jaw pressure to be 
regulated as necessary, to avoid distortion or crushing of the workpiece. Further pressure controls 
may be provided to enable the operator to switch from the high jaw pressure necessary for rough- 
ing to a lower jaw pressure for fine finishing, thus relieving the chuck of continual high pressure 
clamping and consequent strain 


Similar principles of operation are embodied in the pneumatic vice, made in sizes for both 
workshop and foundry use, pneumatic clamps, etc. Again speed of operation is the main advantage 
offered by such tools, Line pressure is multiplied by the cylinder diameter (/e the pressure multi- 
plication factor is equal to the cross sectional area of the piston in in? , relative to a line pressure 
in Ib/in?). Additional pressure multiplication can be obtained by inserting a compound toggle 
mechanism between the cylinder and the vice or clamp. Clamping pressures of up to 15000 
Ib/in? (1000 bar} can therefore be developed without resorting to excessive cylinder bore sizes 
— ге overall multiplication factors of up to 150 are readily achievable. With high pressure multipli- 
cation however, jaw movement is usually strictly limited and may amount to only a few 
thousandths of an inch over the initial setting. 
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Riveting Hammers 

Riveting hammers probably represent the largest in numbers of all the percussive tools and range 
in size from about 2% Ib (1.1 kg) weight for 1/8 in (3 mm) diameter rivets up to 25 Ib (11.3 kg) 
in weight for hot rivets up to 1% in (31 mm) or 1% in (37.5 mm) diameter. They are also деѕідпес 
for specific industries. Thus aircraft or lightweight riveting hammers generally range in piston 
diameter from 3/8 in (10 mm) for dural rivets of 1/16 in (1.5 mm) to 3/32 in (2.4 mm) diameter 
up to % in (12.5 mm] piston diameter for rivets of 3/16 in — % in (5—8.4 mm) diameter in the 
softer materials. Slightly heavier models may be used for general metal working duties, and heavy- 
duty models for the heavier engineering industries, such as shipbuilding. In addition riveting 
hammers may be adapted for dimpling, scaling, cautking, beading, light shipping, etc. 

Riveter performance varies with the particular class or application for which the tool is 
designed. Thus fast action riveters with short strokes are normally used for working ferrous metal 
rivets, with speeds up to 5 000 blows per minute. Рог riveting other metals which would work- 
harden under repeated hammer blows, slower hitting longer stroke riveters are used. For other 
work a 'oe-shot' riveter may be used, where the tool delivers only a single blow at a time on 
manipulation of the control lever, 

The impact achieved is governed both by the piston diameter and the stroke, the longer the 
stroke (for a given piston size) the greater the impact. Moderate to long strokes are normally 
chosen for lightweight riveters, together with spool valves for ‘timing’. Construction follows that 
of chipping hammers, except that the cylinder is usually hardened stee! with the bore ground and 
honed. With larger sizes of riveters strokes may be shorter (in proportion to size), although again 
there are numerous variants. Some models may incorporate adjustment of force and number of 
blows per minute to adapt to various work requirements. 

Various types of rivet sets can be accommodated, both for driving different rivet heads and for 
different rivet materials. In additlon a ‘holder’ or 'holder-on' may be incorporated to back up the 
rivet so that the head is not mutilated and completely fills the rivet cup. Other forms of head may 
be fitted to adapt riveters as nail and spike drivers, etc, also for pressing, punchwork and stamp- 
ing. Thus the basic riveter may be made to perform a whole range of duties. 

Special types include compression riveters for squeeze-riveting, pop-riveting, eyeletting, etc. 
Complementary tools include rivet cutters and rivet busters. 


It is virtually impossible to give specific figures for air consumption with air riveters since sizes 
and types vary enormously. As a generalization, howevei the heavier tools for hot riveting usually 
have consumption figures of the drder of:- 

10—20 tt? /min (0.3—0.6 m? /min] for hot rivets up to % in (12.5 mm) diameter 

25 ft? /min (0.7 m? /тип) for hot rivets up to % in (19 mm) diameter 

25—28 ft? /min (0.7—0,8 m? /min) for hat rivets up to 1 in (25 mm) diameter 

28-30 ft? /min (0.8—0.85 m? /min) for hot rivets up to 1% in (31 mm) diameter 

35 ft? /min (1 m? /min] for hot rivets up to 1.3/B in (35 mm) diameter 

40 ft? /min (1.15 m? /min) for hot rivets up to 1% in (37.5 mm) diameter 

One-shot riveters for aircraft type rivets usually have a capacity of 10 to 20 rivets per ft? /min 


and rivet busters a consumption of 2 to 5 ft*/min (0.5 to 0.15 m? /min) per rivet, depending on 
size. 





317 


Foundry Equipment 





PNEUMATIC TOOLS and machines under this heading comprise drop forging hammers, power 
hammers and forging presses. Cylinder sizes for drop forging hammers may range up to 48 in (1.22 
(1.22 т) and strokes from 36—72 in (0.91—1.83 m) with the maximum rate of working ranging 
from about 200 blows per minute for the smallest sizes down to 60 blows per minute for the 
largest sizes (although older designs may be much slower working). Forging presses are cylinder- 
actuated machines and may be all air-operated for small capacities, or powered by air-hydraulic 
cylinders for higher ratings. 


Wide use is also made of a variety of other air tools for forge work, such as scaling hammers, 
chippers, air-hoists, etc, which are dealt with under the relevant sub-headings. 


Foundry Work 

A wide variety of pneumatic tools is used for foundry work, embracing both portable tools and 
static installations such as forging hammers, fettling grips, sand sifters, sand blasters, jolt squeeze 
machines, etc. Compressed air requirements are, therefore, highly variable from foundry to 
foundry and demand may range from under one hundred to many thousands of ft? /min, according 
to the size of the foundryand chosen tool types. As regards the latter, pneumatic tools are, to a 
large extent, directly competitive with electric powered tools and actual compressed air demand is 
largely a matter of the balance arrived at between compressed and electric power. 

Some tools are specifically designed for foundry purposes — eg sand rammers. Others, such as 
grinders, are general purpose workshop tools which find equal application in foundries. Some 
typical tools and their uses are summarized briefly:- 

Sand rammers — are used specifically for compacting moulds and may be either bench type or 
floor mounted. 

Core box vibrators — designed to clamp to a core box {often by an integral pneumatic vice, 
but alternatively by manual clamping). These are used to loosen moulds so that cores can be 
withdrawn free of flaws, etc, and also avoid damage to the boxes. Core box vibrators may also be 
used during the initial stages of making the cores for settling the sand to give a satisfactory core. 

Fettling — chipping scaling hammers and grinders are widely used for fettling, with a wide 
variety of designs and weights available for different duties. 
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Grinding — for general fettling,high speed wheels are used for rapid stock removal and may run 
at surface speeds up to 10 000 ft/min. Softer and finer wheels are required for surfacing and finish- 
ing, speed depending on wheel diameter and type. А! pneumatic grinders can normally take a 
wide variety of different grinding wheel shapes, as well as wire brushes, etc. The grinders them- 
selves may he straight or angled, choice being largely dictated by the type of work involved and 
corresponding ease of manipulation of the two types of gr nder. 

Jolt squeeze machines — used |for consolidating sand moulds. The moulding box containing the 
sand is placed on the machine table. In the case of a shallow mould the sand can be consolidated 
by squeezing it between the tabl ! and an air operated platen ('squeeze'). For deeper moulds, more 
satisfactory consolidation is achieved by raising the table and then allowing it to drop suddenly 
(‘jolt’). | 

Fettling grips — normally comprise a piston operated clamp which is designed to facilitate 
removal of fins or flash from hot castings, drop forgings, etc. Fettling grips can accommodate a 
variety of sizes and shapes of castings, and hold them rigidly against a solid steel plate. Excess 
material can then be removed by any suitable tool, such as a pneumatic chisel or grinder, with 
the casting or workpiece securely located all the time. 


Sand blasting machines — these are widely used in foundries for cleaning up and finishing 
castings, forgings, etc. Such machines are simple devices for blowing a concentration of solid 
abrasive particles (shot, sand, etc), through a nozzle onto the surface of the workpiece at high 
velocities by means of compressed air. 


| 
| 


Percussive Tools | 


Chipping hammers range in size from about 3—15 Ib (1.4—2.3 kg) weight and are normally fast- 
hitting hammers carrying a chisel blade in place of a hammer head. They are generally grouped 
in three categories — ‘light’, ‘medium’ and ‘heavy’. Light chippers are also used for scaling, caulk- 
ing, beading and similar duties. The heavier tools are used mainly for chipping duties, such as 
chipping castings, removing flaws in steel billets, etc, but may also be used for riveting. Since the 
duty can readily be varied by fitting a chisel blade or tool steel of a suitable size and shape to suit 
different operations, it is difficult to distinguish between smaller chipping hammers and caulking 
hammers, chisels and scalers, etc, although the latter may be produced as specific types. Typical 
air consumption figures for chipping hammers are: light 10-15 ft! /min (0.28—0.42 m? /min): 
medium 18—20 ft/min (0.5—0.6 m/min}; heavy 24—28 ft/min (0.7-0.8 m /min); at BO 
Ib/in? (5.6 bar). Blows per minute range from about 4 000—45 000 for light hammers; to 1 500 
—1 650 for heavy hammers. Typical accessories for chipping hammers include various chisels with 
hexagonal or round shanks. 





Light duty chipping hammer 
fThor Tools). 


Scaling Hammers 


Scaling hammers are usually the smallest and lightest of the hammer tools and are commonly 
produced with valveless construction for high speed of operatipn of up to 6 000 blows per minute. 
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In such cases the piston itself may be used as the hammer with the tip or working face hard faced 
to resist wear. The blows are relatively light, although rapidly delivered, and so brinelling of the 
surface being treated is usually no problem. Multiple piston types are also produced, either as hand 
held tools or mounted on a frame for multiple tool work. Other scaling hammers are designed 
with detachable or interchangeable steels with positive retention for the steel when fitted, and 
with mechanical valving. There are also various forms of handles and controls favoured by 
different manufacturers, Most scalers are designed so that exhaust air is directed onto the work 
surface to assist in cleaning, whilst some may also incorporate a specific blower arrangement 
rather on the lines of the rock drills. 


Scaling hammers — or more correctly, scalers, since not all such tools are fitted with specific 
hammer heads — are normally made in sizes ranging from about 3—8 Ib (1.4—3.6 kg) weight, with 
strokes ranging from about 9/16—1% in (14—30 mm). They are intended primarily for cleaning off 
paint or scale from large expanses of sheet metalwork, etc, but may also be suitable for other 
duties, Thus a small scaler, being lighter than a chipping hammer, may be more cgnvenient to use 
for light metalwork operatións, such as peening, beading, etc. Typical air consumption figures 
for scaling hammers аге 5—7 ft? /min (0.19—0.20 m? /min) for the smaller valveless types, up to 
20—25 ft? /min (0.6—0.7 m? /min) for the largest scalers employed for boiler tube work, etc. 


Weld flux scalers are simply smaller sizes of chipping hammer intended specifically for the 
treatment of welds. They may also be used for other scaling duties within their work capacity. 


Sand Rammers 

The sand rammer is a more or less conventional percussive tool adapted to take a rod attached to 
the piston to which may be fitted ramming butts or peens (usually of rubber). In some cases the 
rod is threaded so that extension can be fitted for ramming into deep pipe moulds. Hammering 
rate is usually of the order of 650 to 800 blows per minute. 

Sand rammers are used for foundry work and their design is specific to such use (ie differs 
from the contractors’ rammer}. Sizes range from about 4—32 Ib (1.8—14.5 kg) in weight, the 
smaller models being used for bench ramming or light core or mould work and the heavier type 
for heavy ramming and building up large moulds, etc. Physical sizes range from 5/8 in (16 mm) 
bore and 2 in (BO mm) stroke up to 1% in (37.5 mm) bore and 6 in (150 mm) stroke (the latter 
being equivalent to a back-fill tamper in work capacity}. A balanced design is desirable so that the 
tool *walks' over the work. 

Bench type sand rammers have air consumption figures ranging from about 5 to 15 ft? /min 
(0.14 to 0.4 m? /min] at 80 Ib/in? (5.6 bar). Floor type (heavier) rammers have a typical con- 
sumption of 17—20 ft? /min (0.48—0.56 m? /min) in the medium sizes (1 in bore) (25 mm}, and 
23—30 fi? /min (0.65—0.85 m? /min) in the heavy sizes. 
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Spray Techniques 





THE THREE different methods of spray painting are summarized in Table |. Ali three methods 
can be used for cold or hot spraying, in manual or automated systems. Choice of system depends 
on a number of factors such as cost of equipment, cost of paint, size and nature of object to be 
sprayed, type of finish to be sprayed {see Table Il) and quality of finish required. Each system has 
its advantages and disadvantages. In some cases, a combination of systems may be used — eg low 
pressure spraying for applying primers, followed by hot spray or electrostatic spray for finish 
coats. 


Cold or Hot Spray 


Hot spraying allows a paint to be sprayed in more concentrated form, flows better and produces a 
more homogeneous coating. It also results in better paint economy, whichever system is used. 

Hot spraying is particularly suited to the application of thicker coats and is often preferred for 
priming coats. Low pressure hot spraying is the preferred choice for high quality (gloss) finish 
coats, 

Operating principle for hot spraying is illustrated in Fig 1. Paint is held in a heated container 
(with either direct or indirect heating], and when spraying is not in progress circulates in a closed 







1 — Paint heater 

2 — High-pressure pump 

3 — Spray gun 

4 — Back-pressure regulator 

5 — From the paint container 
or paint circulation system 


Fig 1 Operating principles for hat high-pressure spraying. 
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circuit from the pump, heater, spray gun and back to the suction side of the pump. A back 
pressure regulator is used to adjust the paint quantity returned to the main circuit. 


Fig 2 Different paint feed 
{Atlas Copco? 

Left — Gravity feed 

Middle — Suction feed 

Right — Pressure feed 





Fig 3 Circulation system for 
hot spraying. 





Paint Transport (Paint Feed) 

In low pressure spraying the paint feed may be by gravity, suction feed or pressure feed, the type 
of spray gun being constructed accordingly — Fig 2. Pressure feed provides a more regular pro- 
duction process and may be used with both cold and hot paint in all systems. А typical circulation 
system for hot spraying is shown in Fig 3. In a cold spraying system the arrangement is similar 
except that the heated container(s} are eliminated and the feed is direct from the mixing tank to 
the spray дип (5). 





SECTION 4b 


Devices and Machines 
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Lifts, Hoists and Winches 





LIFTING AND hoisting machines can be powered by either air cylinders or air motors. Pneumatic 
winches are basically conventional winching mechanisms powered by air motors, although some 
types of winching actions are also performed by air cylinders. 

Air motors (or gas cylinders) can be used to advantage where other types of driver are less 
economic to operate or are excluded because of the conditions involved (eg air motors can operate 
successfully at high temperatures or in explosive atmospheres which could preclude the use of an 
i/c engine or an electric motor as a driver). An air motor has the further advantage of being very 


simple to control. Motor hoists are equally suitable for fixed installations or for mounting inside 
hoist installations running on an elevated l-section rail. 


it) 


One of the range of Gardner-Denver 
axial piston motor powered air hoists. 


aad em aed aea iti 7 





Риба! узута» 
—— 


о 


Cylinder Hoists 


Cylinder hoists have a more limited field of application than motor hoists for working at extreme 
or variable heights. Also cylinders tend to be bulky by comparison with air motors of the same 
lifting capacity. The usefulness of cylinders can, however, be extended by compounding the 
mechanism, using two or more cylinders. 

Another basic difference between the two types is that cylinder hoists are best suited to fixed 
installations (although many are trolley-mounted). They lend themselves particularly to siting 
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alongside or on the device to be operated, such as a pneumatic loader. For specific lifting appli- 
cations they have the advantage ober air motors that they, can provide greater load stability and a 
more rigid system. 


Air Motor Hoists 
The specific advantages normally provided by motor-powered air hoists include: 
{0 — small, lightweight compact construction, which can be allied to general solidness. 
(ii) low maintenance requirements. 
(iii) variable lift speed. 
(iv) safe (/e undamaged) if stalled or overloaded. 
(v) high working cycle (as much as 100% if necessary]. 


The characteristics of a motor hoist or winch are determined by the type of motor fitted. Thus 
a piston motor would be used where high starting torque is required. Heavy duty or general pur- 
pose air hoists are usually fitted with piston motors. Vane motors are, however, also widely used 
for air hoists and winches, particularly where a compact lightweight unit is required, 





Thor rotary hoist A — disc brake. Hook mounted haists with pendant 
B — unitized motor unit. C — vane control. 
motor. (Thor Tools). 


The basic hoist unit can be equipped in different ways for lifting — eg with roller or link chain, 
rope or pendant control. Rail-mounted units can also inco porate traction drive to provide traverse 
motions both along.a horizontal rail and up gradients. Ап Ingenious extension of this is the mount- 
ing of the hoist on a flexible wire rope suspended from a safety booth above the working area. The 
hoist then runs up and down the wire rope which can also be swung to one side to provide pick-up 
over a wide area. This form of suspension is limited to smaller capacity hoists — /e with a typical 
lifting capacity of up to 100 kg (220 ib). The general range of compressed air (motor driven) hoists 
is from 10—10000 kg (220 1Ь—10 tons). The all-up weight of an air hoist can be as low as 1.5% of 
its lifting capacity (in larger sizes). 
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Lifting speed is largely governed by the reduction gear ratio employed in the design of the 
hoisting unit. The actual speed achieved is also dependent оп load. Typically the full load speed is 
50% of the free (unloaded) speed. Some representative performance figures are given in Tables ІА 


and IB. 
TABLE IA — TYPICAL PERFORMANCE OF AIR HOISTS 


CAPACITY LIFTING SPEED 


Free Full Load 










TABLE IB — TYPICAL PERFORMANCE OF AIR HOISTS 


AIR CONSUMPTION 
Capacity Under Load 
8 
1.7 





150—2 000 kg 1230—22 000 ibs). 
{Deutsche Gardner-Denver). 





Air Starters 








AIR MOTORS offer advantages aver electric motors for starting large capacity i/c engines and gas 
turbines, where a compressed air supply is also available. Air motor weight is only about 50% of 
that of an electric motor for the same power and an evan more substantial reduction in battery 
weight is possible. Initial cost is also lower, with substantial savings in depreciation and mainten- 
ance. А further advantage is that starter operation is independent of battery condition, The air 
starter is powered from an air tank, either charged from the existing compressor (on vehicles fitted 
with air brakes, for example) or from a separate engine-driven compressor. 

Vane-type air motors are commonly used for starter duties, coupled to a conventional Bendix 
drive via reduction gearing. For higher powers, impulse turbine motors are preferred, driving 
through reduction gearing to an inertial starter drive. Turbine motors have the advantage of requir- 
ing no lubrication of the drive air (necessary with vane motor starters); and have no internal 
rubbing surfaces and can thus tolerate prolonged cranking cycles. 

Operating air pressure for air starter motors is usually of the order of 7 bar (100 Ib/ir? ) which 
is readily available from the air brake system compressor charging the separate air starting tank vía 
a one-way check valve. À safety yalve is also incorporated, so that the air tank can be kept perm- 
anently topped up at full charge when the engine is running, the check valve preventing air 
bleeding back into the brake system. 







Turbine air starter motor. 
(Tech Development Inc). 
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The size of tank needed is somewhat arbitrary, but is normally based on sufficient reservoir 
capacity to give some five or six starts from a full charge. Some weight saving is possible by making 
the tank from aluminium rather than steel, although this will increase the initial cost. 
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Fig 2 
SPLASH DEFLECTOR 


A typical starter circuit is shown in Fig 1. The starter control is a quick-opening valve, normally 
manually operated, both for simplicity and to divorce the starter system entirely from the 
electrics. it could, however, be solenoid operated vía a push-button if preferred, or pneumatically 
operated via a remote control position as in Fig 2. Besides the two connection points, the tank is 
fitted with a drain to enable condensation to be drained off at regular intervals, and a second valve 
for emergency filling. This enables the tank to be charged from an independent source if necessary 
— eg а service station air supply, another vehicle's air brake system, or even a gas bottle. 


With a stationary system the tank can be eliminated entirely, the motor being connected 
directly to an existing air supply. Similarly, no separate electrical system is needed in the case of a 
spark-ignition engine, as magneto ignition can be employed. 


Air and Electrics Compared 

The complete elimination of electrics on diesel and spark-ignition driver installations can be par- 
ticularly advantageous in certain applications — eg for the savings possible in initial costs, installa- 
tion weight, reduced maintenance, and so on. If auxiliary electric power is still required, this can 
be provided by an engine driven generator or alternator, with or without a battery as necessary. If 
a battery still has to be used, then air starting renders the system independent of battery con- 
dition and all services are always available as long as there is sufficient compressed air in the tank 
for starting — je even with a flat battery, all battery powered services are restored as soon as the 
driver is started by the air motor. 
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Air motors are known for their reliability, and their consistency of performance is generally 
superior to that of electric motors since they are less affected by surrounding conditions, Thus the 
air motor is dependent only on the availability of a sufficient quantity of air to generate the speed 
required, and at a suitable pressure to generate the torque required. This is largely independent of 
the ambient temperature and thus the air motor retains good power characteristics over a very 
wide range of temperatures. Electric motors, on the other hand, can suffer from a loss of battery 
power as high as 50% in extremes of low temperature. А further advantage of an air motor is that 
it can be stalled under full power without damage, and does not place an additional demand on the 
air supply in a stalled or near-stalled condition. By compari ison, a heavily loaded d.c. electric motor 
will draw increasing current with increasing load, eg when starting a very cold engine, and jf it is 
stalled there is the very real risk of burning out the armature, or at least flattening the battery. 


Standby Use 


Because they are independent of battery performance and battery condition, air starters are 
attractive for emergency and standby sets. These can be independent units with their own pre- 
charged air tanks, or can draw their air from a normal air line. The system is flexible enough to 
adapt to a variety of situations. Thus, with a precharged starter unit driving a portable compressor, 
the air tank can be recharged as necessary from gas bottles, or even from a manual pump. 


Portable Power Units 


Air starters are finding increasing application in the field of mobile and portable engine powered 
units, and even on portable and emergency electric ge erating sets, to remove their reliance on 
battery condition. In the case of standby units automatically controlled by line loads, the air valve 
controlling the air starter can be of solenoid-operated type. 


The possibility of operating the air starter on a medium other than compressed air may also 
exist, eg any high pressure gas that may be available. An example here is the use of high pressure 
natural gas to operate the air starters on gas turbines installed to pump that particular gas. There is 
no reason why such a ‘free’ source of compressed air should not be utilized, providing the pressure 
available is adequate for operating the air motor and the use of the gas in this manner does not 
represent any hazard. If the available gas supply pressure exceeds the rated limit for the starter, 
then it is a simple matter to drop this to a suitable level by interposing a reducing valve in the 
supply line, 
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Air Springs 





THE ELASTIC nature of air contained in a closed chamber and subject to compression provides 
the principle of the pneumatic spring. Their particular advantage is that they are clean to produce, 
simple to install, and can be designed to cover a wide range of performance requirements in two 
distinct fields of application, viz — 

(il Alternatives to conventional (mechanical) springs for suspensions, ete. 

(ii) Vibration and shock isolation and control. 


The simplest form of air spring is a closed pneumatic cylinder (Fig 1), where the spring force is 
given by 





А = area of the piston 


P, = initial pressure in cylinder 

Ро = atmospheric or ambient pressure 

5 = stroke 

ê = deflection or travel of the piston under force F 
E = force 
P = internal pressure 
Pg = atmospheric pressure 
6 = deflection 
S = stroke 
A * piston area 


Fig ! 
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The spring force is thus an expanential function, instead of the simple relationship of a mechan- 
ical spring, ѓе force directly proportional to deflection. 


Spring rate is determined as a function of the volume/area change and is widely variable by 
altering the geometry, It is thus possible to design pneumatic springs with a wide range of dynamic 
characteristics, The main limitation of the simple piston- -and-cylinder form of air spring is reliance 
on a piston seal and the sliding friction involved. This can be eliminated by adopting a flexible 


bellows form providing positive sealing with no break-out or sliding friction. 
The working characteristics ara dependent on the volume ratio between the spring in its initial 


state and compressed state and corresponding pressure change, viz 


a 
P, = P, AJ. 
Vs | 


initial air pressure inside spring 
Р, * final pressure inside spring 
с = js an exponential, typical value 1.38 


Operating pressure (P) is determined by the load (L) and the effective area (A) of the air spring. 
In turn, the eífective area is determined by the effective diameter (Dg) of the spring. This will vary 
with the form of the bellows — eg see Fig 2. The operating pressure in terms of measurable para- 
meters then becomes: 
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Fig 3 


As the spring is compressed by increasing load, its volume V, decreases to V; ; and at the same 
time its internal pressure increases from P, to Р; (both pressures being absolute). Related to the 
formula given, this means that in plotting a dynamic load deflection curve it is only necessary to 
multiply the new (measured) gauge pressure by the effective area to determine the new spring load 
after a volume change due to spring movement. However in many configurations the effective area 
also changes as the spring moves (ей see Fig 3). Thus the instantaneous effective diameter at inter- 
mediate positions must be used in! calculating the new load after spring movement. 

The rate of a typical air spring of this type will increase as the static load increases. This means 
that the equivalent static deflection and rational frequency remain essentially unchanged. This is 
a particular advantage where an air spring is used to support a varying load, eg as in a vehicle sus- 
pension system, 
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Configurations 


The most common configuration of air spring is a bellows form with one or more convolutions, 
Some form of external control may be necessary with more than one convolution, and this can be 
provided by wire rings or a wire spiral. Alternative forms of suitable bellows are rolling sleeve and 
rolling diaphragm types. 

The usual choice of material for the bellows is an elastomer reinforced, as necessary, to with- 
stand the likely pressure changes handled by the chamber, Elastomeric bellows, generally, offer 
simpler fabrication and freedom from fatigue, as well as excellent resistance to corrosion, etc. The 
material most commonly used is nylon reinforced rubber. 

With elastomeric bellows the maximum static air pressure in the spring is normally restricted to 
about 7 bar, Actual working pressure range within the chamber would then һе of the order of 
0.7—7 bar. Higher maximum pressures of up to 12.5 bar can be accommodated by nylon- 
reinforced neoprene bellows. If working at higher air pressures is required, then metal bellows 
would normally be used. 

The static load range for a typical single-convoluted bellows with a maximum design working 
pressure of 7 bar could extend from 227—25 000 kg depending on physical size. Springs of this 
type are particularly suitable for anti-vibration or shock-insulation mounts. 

Where greater deflections have to be accommodated, the stroke range can be increased by 
increasing the number of convolutions. Very roughly, the stroke is increased in direct proportion 
to the number of convolutions. Thus Fig 4 shows a two-convolution pneumatic spring with 
approximately double the stroke of a single-convolution spring of the same diameter, and Fig 5 a 
three-convolution pneumatic spring. In this case the stroke is about 2.7 times that offered by a 
single-convolution pneumatic spring of the same diameter. 


Fig 4 





Fig Б 





TPneuride' bellows have a wide range of applications both as linear actuators and 

vibration isolation devices, are available with nominal diameters ranging from 6 to 

16 ins and either 2 or 3 convolutions to provide a variety af working movements. 

Moulded in flexible reinforced neoprene rubber, the units can be operated on air 

pressure up to 8 bar (120 Ib/in" ). Mounting is by means af 4 М.8 metric threaded 
studs in the steel end plates and there is a single X in BSP inlet part. 





334 AIR SPRINGS 


Fig ? 





Fig 6 


Pneumatic springs, particularly those of the multi-convolution type and rolling sleeve type 
(Fig 8) are suitable for direct application as vehicle springs in conjunction with such damping 
devices as may be necessary. Springs of these two types can generally be used on trailers without 
damping. 

Single convolution bellows and) го па diaphragm configurations (Fig 7) produce stiffer springs 
which are more suitable for shock and vibration absorption. 


Load capacity of a pneumatic spring can be as high as 500-1 000 kg per kg weight of spring, 
depending on the design size and type. This figure compares favourable with most other types of 
conventional spring. The natural frequency can also readily be selected to come within prescribed 
limits by suitable attention of geometry. This normally falls within the range of 20 to 150 cycles 
per minute, or appreciably lower than that of most other spring elements. The natural frequency 
is a constant factor with a pneumatic spring, since any given design produces essentially the same 
static deflection or natural frequency under all static load conditions. 


The performance of pneumatic springs can also be modified by connecting the (normally) 
sealed cylinder to a suitable external circuit, eg see Figs 8 and 9. 


i Р | F 
alt { } 
3 TM 


Fig 8 Spring force diagrams — cylinder with non-return valve Пећ and 
with гене valve limiting spring force (right). 
F 
1 
1h 








Fig 9 Force diagram with air spring 
connected to a large reservoir. 
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Fig 10 Vibration Isolation Chart for Firestone Airmounts 
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AIR SPRINGS 


Firestone Airmount isolators, in double 

convolurtions, are shown here in a typical 

\application. Steel girdle rings increase 
stability. 


Air Springs as Isolators 

Natural frequencies obtainable with typical designs ofj air springs range from about 5 Hz to 
1 Hz. Connected to an auxiliary air volume it may be possible to extend this range down to about 
0.5 Hz (eg see Fig 10). Thus excellent isolation of disturbing frequencies down to as low as 10 Hz 
should be possible with suitable design. 

Damping will vary from a damping ratio af 0.01 for convoluted air springs to 0.1 for rolling 
diaphragm types. Control of damping achieved can also be obtained with various forms of orifice 
damping. | | 
Convoluted isolators have a lower stiffness rate laterally than vertically, lateral rate increasing 
as the air pressure and operating height increases, The ratio of lateral rate of vertical rate is 
typically of the order of 0.2 to 0.3; 

Rolling diaphragm isolators ca | be designed to have a lateral rate equal to, or greater than, the 
vertical rate, the rate ratio varying with the configuration of the metal surfaces. 

Rolling slave isolators are unstable laterally They are therefore only used where the vibratory 
mass carried is restrained against horizontal movement by some other means. 

With all types of air (spring) isolators stability requirements must be considered in some detail 
because of the inherent softness of the springs. These are not easily met when the centre of gravity 
of the supported mass is low. 

Table | is a general selective quide to air springs for different applications. 


TABLE I — SELECTION GUIDE TO PNEUMATIC SPRINGS 
Reguiremant 


Maximum load | Bellows 

Maximum load and minimum deflection Single-convalution bellows 

Maximum toad and maximum deflection Three-ronvolution bellows 

Maximum strake | Rolling sleeve or three-convolution bellows 
Minimum stroke | Anyt ре 

Minimum axial space | Single-convolution bellows 


Minimum lateral space Rolling steeve 


E NES 
Lowest natural frequency | Rolling diaphragm 
Highest natural frequency | Single-convolution bellows 
Greatest range of natural frequency Railing diaphragm 


| 
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Pneumatic Timers 





TIMERS OPERATING on pneumatic principles can be of the following types: 
ü) | Time-delay circuits. 
(ii)  Piston/air bleed. 
(iii) Timing valves. 
(iv) Ап motor clock drives. 


Diaphragm valves in conjunction with flow control valves are used to produce time-delay 
circuits. Three examples of basic circuits of this type are shown in Fig 1. 







HOW Basic time-delay circuit. 


CONTROL vAtvt£ 
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Delay-time up to 12 seconds fat BOIb/n? ). 


RESERVDHR 


FLOW 
CONTROL 
VALVE 






Delay-time up to 16 seconds fat 80 ла). Fig 1 


Piston/air bleed timers may be of two types. The simplest is а springJoaded cylinder with an 
adjustable air bleed at the blind end — Fig 2. The performance of such a simple unit has distinct 
limitations. Positive timing is dependent on a perfect piston seal on the closing stroke and positive 
adjustment of the air bleed. Any setting of bleed rate timing (actual time of stroke) will tend to be 
variable with air density and temperature. Nevertheless, quite consistent results can be achieved 
from such timers if they are well designed and made, particularly in the small sizes. The attraction 
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ADJUSTABLE АЮ BEED SPRING 
се 





CH WDER BACK- UP WASHERS 


| 
is that they сап be made extremely small and light — eg the cylinder may be as small as % in 
diameter and the total weight of the timer % oz or jess. They are not, however, generally suitable 
for precision timing. | 

Substantially higher output forces can be achieved by replacing the air bleed by a fixed or 
variable orifice, eliminating the spring and working the timer in the reverse mode. Timing is con- 
trolled by the orifice and the output force available is equal to the product of the piston area and 
the difference between the supply pressure and pressure drop through the orifice. This type of 
timer, of course, requires à compressed air supply, whereas the simple air bleed type does not. 

To produce longer time delays and a rotary output movement the piston can be used to operate 
a ratchet. The air supply is arranged so that, when the ratchet is operated, the air supply is 
removed from the piston allowing it to return by means of an integral spring. In such a system the 
air flow to the piston controls tha speed at which the ratchet rotates. Such a stepping mechanism 
can be used to provide longer time delays or to operate any rotating equipment. 

A more refined method of producing time delays is by the use of a mechanical escapement 
timer. It is possible to wind up the spring using an air-operated piston and when the escapement 
timer has completed its timing, it can release a lever which will mechanically operate a pneumatic 
valve, The output from this valve will produce the timing signal at the end of the time delay set on 
the escapement timer. | 

In general, piston/air bleed timers tend to be suitable only for relatively short timing periods (eg 
up to 1 minute), with their accuracy largely dependent on ambient temperature. They are also 
rather prone to malfunction due to their need for free movement of the piston and for clean air to 
prevent the orifice becoming clogged. In spite of these drawbacks this type of timing equipment is 
quite commonly used in applications where cost is important but accuracy is not paramount. The 
timers are generally available with a delay function, je timing is initiated by connection of the air 
supply and the output is made available after the time delay has elapsed; or with interval function, 
ie the output is made available at the same instant as the air input supply is turned on and is then 
removed after the time delay has elapsed. There are a number of other variations on these timing 
duties which can be achieved with this type of арен | 

Various forms of camshaft timers driven by a pneumatic piston/ratchet drive system are avail- 
able. Depending upon the gear ratios utilized, they can provide cam-shaft speeds as slow or as fast 
as is required. This type of drive system, however, suffers from poor accuracy and from a fairly 
high ambient level. 






Timing Valves 

Timers which work from a definite compressed air supply rather than by a simple piston are more 
generally referred to as timing valves although similar pr nciples are involved — eg a basic time- 
delay volume is incorporated with timing rate or timing action controlled by an air bleed. Fre- 
quently the air bleed path is thraad clearance to provide a convenient and practical method of 
adjustment. 
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Fig3 





ACCUMULATOR INFFERENTIAL PESTON 


А design of timing valve is shown in Fig 3 where the timing volume is metered by a sharp edged 
orifice produced by a slot cut through the side of a hollow stem in which a close fitting spindle 
travels. Flow to the time delay volume is adjusted by altering the position of the spindle along the 
length of the slot, the time required to change the volume and actuate the valve being determined 
by the length of slot left open by the spindle. 

А particular advantage offered by this system is the infinitely variable adjustment of orifice area 
possible giving fine resolution, whilst the flow characteristics are those of a single sharp-edged 
orifice rather than the more usual thread leakage. This gives high repeatability of the order of +2% 
at fixed supply pressure and +5% with a 10 Ib/in? variation in supply pressure. These figures refer 
to a specific design, as accuracy of working and repeatability will depend very largely on actual 
construction and working conditions. For long-term accuracy it would be necessary to ensure that 
the air supply was clean and free from moisture. 

In the particular design shown, three snap-action valves are incorporated in the valve envelope. 
The main valve is a check valve which controls the flow of working fluid actuated by a differential 
area piston exposed to the pressure in the timing volume or accumulator chamber. It can be 
arranged to be either normally closed or normally open, giving either timed-in or timed-out control 
of flow respectively. 

The other two valves are differential area pistons operated by pressure in the inlet and outlet 
ports. These pistons control flow into and out of the timing circuit. 
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Pneumatic Sensors 





THE MOST common form of pneumatic sensor is probably the interruptible jet, the principle of 
which is shown in Fig 1. Supply and receiver pipes are aligned axially, separated by a gap. The 
intrusion of any solid object into the gap, interrupting the jet, causes the pressure in the receiver to 
fall to atmospheric pressure. This change in pressure is used to operate a switching element con- 
trolling an appropriate circuit (eg a counter circuit), The switching element is normally a 
transducer giving an electric signal output. 


Sening Output 
direction Receiver signal 
eue c MCI RM с т=н 
Supply ——»- = = ЕЕ ==” Fig 1 


This type of sensor has the advantage that it is not critical on gap dimension, can change its 
state rapidly (/e count rapidly) and is not sensitive to object shape or texture. Its main disadvan- 
tage is that atmospheric air is entrained in the receiver, and if contaminated can interfere with its 
performance. 

This limitation can be overcome by lightly pressurizing the receiver in the opposite direction — 
Fig 2. The main jet then impinges on this secondary jet, applying ‘back pressure’ which 
appreciably increases the pressure in the receiver, An object interfering with the main jet cuts off 
this back pressure, when the receiver pressure falls to its normal pressure level. Under both con- 
ditions there is always outflow from the receiver, which thus cannot entrain ambient air. 

Both of the above require smali nozzle sizes in the supply (commonly provided by a restrictor) 
to achieve laminar flow. The effective gap length is then mainly the length over which laminar 
flow is maintained. 





Sensing Auxlliary 
direction Riecelver supply 
сео =з НЕ " 
Supply —== c ET 
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Receiver 
Supply 1 —— _________==== A— 
WI Auxiliary 
Sensing i | supply 
direction it T 
th! Output 
| | signat Fig 3 
Supply 2 


An alternative, shown in Fig 3, uses a third jet placed at right angles to the main (supply) jet. 
The receiver may or may not be pressurized, This works on the basis of a turbulence amplifier 
with the main jet flow (normally laminar) being rendered turbulent by impingement of the side 
jet, but reverting to laminar flow when the side jet is interrupted. The practical measuring gap — 
which is between the side jet and the main jet — can be made much larger for the same pressure 
difference created in the receiver, 

A more practical form of interrupted jet sensor with backflow from the receiver is shown in 
Fig 4, backflow being obtained from the same supply, but with pressure reduced by a restrictor, 
Sensors of this type can be expected to have a maximum gap of about 20 mim working off a 
supply pressure of the order of 0.1 bar; but larger with higher supply pressures and larger nozzle 
sizes. The system shown in Fig 5 is capable of working with larger gaps at the same pressure levels. 
Here a collector is incorporated to supply a second external gap (the sensing gap), with output 
signal derived from the same position as before. Specifically, this device is known as an airstream 
detector. 
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Back-pressure sensors are an earlier type, but are only effective when the object to be sensed 
can pass quite close to the jet. A single jet is used in this case, the presence of an object modulating 
the flow and causing a marked pressure change at the output — Fig 6. It can, however, be used to 
detect objects moving towards or away from it, as well as across the jet path, with suitable signal 
amplification. 
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The conical jet sensor is a further type where the jet emerges from an annular nozzle and is thus 
of divergent conical form. Air inside the cone is entrained, resulting in a region of reduced 
pressure, sensed by the output. The degree of depression, and thus the output signal strength, is 
modified by any asymmetric distortion of the conical jet resulting from its impingement on à 
downstream object. 11 is, however, rather slower in response that other types of interrupted jet 
sensors and requires more power (higher air flaws). 


Output Object 
signal 
Fig 7 
Sensing 
directions 





Supply 


The reverse configuration or cone jet — Fig 7 — employs an annular nozzle to produce a con- 
vergent conical jet. When this impinges on an object pressure is increased within the cone, creating 
а back pressure through the outlet, 

АП single jet devices are, of course, free from contamination by dirty ambient air. Some, how- 
ever — and particularly the cone jet — work with particularly small nozzle sizes and so require a 
supply of clean, uncontaminated air. 
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Compressed-Air Aspirators 





THE COMPRESSED-AIR aspirator can be described as the pneumatic equivalent of the industrial 
vacuum cleaner, the difference being that the suction force is generated from a compressed air 
supply rather than a force driven by an electric motor. In a typical unit suction forces down to 0.6 
atmosphere can be generated, capable of removing all kinds of liquids and sludges as well as solids 
up to a specific gravity of 5.0 or greater, through hose sizes up to 3 inches (75 mm) diameter. 
Compressed-air aspirators can thus solve many cleaning and recovery problems in industry, 
whenever a compressed air supply is available. А barrelling device may also be fitted to allow any 
liquids which run out of their containers to be disposed of into normal drains directly. 





DEBUS compressed-air aspirator (left) 
and liquid aspirator (right). 


The size of aspirator which can be used, and the suction pipe diameter, depends on the available 
air capacity. Some typical data are given in Table |. 

The length of suction hose which can be used depends largely on the weight of material to be 
aspirated, when lengths up to 25 metres are often possible with lighter solids, etc, 
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TABLE 1 — AIR CONSUMPTION OF A TYPICAL RANGE OF COMPRESSED-AIR ASPIRATORS 
WITH 7 BAR COMPRESSED Ni SUPPLY 


Air consumption Suction head Intake alr Suction pipa Compressed-air pipa 
m? /min mm WG m? /min by inch by inch 









Examples of applications are:- Cleaning of machine tools, removal of run-out cooling emulsion, 
removal of run-out hydraulic oil, aspiration of mercury, oil change at large machines, cleaning of 
crane runways, aspiration of textile fluffs, sucking out of moulds, draining out of grease separators 
in food plants, cleaning of tanks and use for industrial fire brigades. 

Since a compressed-air aspirator is non-sparking it can also be used in areas with an explosion 
hazard, 











Turboexpanders 





TURBOEXPANDERS HAVE a long history of use in air separation, but more recently have come 
to the fore in the liquid gas industry for the recovery of liquefiable hydrocarbons. They are, in 
fact, now mainly used for ethane, propane and ethylene recovery and the processing of carbon 
dioxide, as well as various air separation processes. 

Basically, a turboexpander is a high efficiency turbine with numerous special features which 
make it conveniently usable and reliable for small volumetric flows at low temperature (and often 
at rather high pressure) usually found in these applications. They have been used in air separation 
processes for over 30 years. 

A turboexpander also generates the deep low temperature refrigeration industrially used for gas 
separation and liquefaction, and related purposes. It does so by the mechanism of constant 
entropy expansion, together with the production of power la by-product). The power comes from 
the decrease in enthalpy of the stream itself. 

The modern turboexpander is a radial reaction turbine, which is a further improvement on the 
general types of turbine — see Figs 1, 2 and 3. In the common impulse turbine (Fig 1) all of the 
pressure energy is converted to velocity in the nozzle, and this resulting high velocity stream 
impinges on U-shaped blades in the rotor. The rotor blades move at half the velocity of the gas jet, 
and the gas comes out of the rotor blades directed backward with respect to the rotor, to leave 
without significant residual absolute rotational velocity. This design loses some 8—10% of the 
available energy in making the U-turn between the rotor blades. 
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Fig ! The common im- Fig 2 The reaction turbine. Fig 3 The radial reaction 
pulse turbine. turbine, 
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Typical turboexpander process for recovering athane and 
LPG fram natural gas. 


The reaction turbine, (Fig 2) is more efficient. In its primary (stationary) nozzles, only half the 
pressure energy of the gas stream is converted to velocity, and the rotor with a blade speed match- 
ing the full jetted stream velocity receives the latter. In the rotor blades the other half of the 
pressure energy is used to jet the gas out of tha rotor backward to exhaust. 


Half the pressure drop is across the rotor so there must be a seal around the periphery of the 
rotor to contain it. Also, this pressure difference across the rotor acts on the full rotor area and 
creates a large thrust load on the shaft. 


A further improvement in turbine design led to the radial reaction type (Fig 3). Compared with 
the reaction type, it has а reduced discharge diameter, In this design the gas, again half expanded 
in the primary nozzles and jetted tangentially, into the rotor, matches the peripheral speed of the 
rotor and flows radially inward within the rolat, leaving it at a lesser diameter. This arrangement 
reduces the velocity required from the secondary (rotor) nozzles with correspondingly lower 
nozzle friction loss, It also reduces the diameter of the rotor seal. This seal diameter reduction 
reduces both the seal leakage and also the shaft thrust load. The radial reaction type is the most 
efficient of the three. It is used in large water turbines, but is not used in large steam turbines 
because of their large volumetric flow, and because of its inconvenient adaptability to multi- 
staging. 

The radial reaction design is very well suited to 'urboexpanders for the above reasons. 
Successful commercial expander processes are dependent upon the design and production of 
suitable high speed turbine rotors and nozzles capable of reliable operation under extreme con- 
ditions of low temperatures and a wide range of pressures, 

| 
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Air Blowers 





THE DESCRIPTION air blower (or blower] is applied to types of air pumps designed to deliver 
small volumes of air at low to moderate pressure. Some types can also work in the reverse mode, 
ie as exhausters, the Roots’ pump being a typical example. Other types have fan-type impellers 
capable of moving larger volumes of air at very low pressures and are more correctly called fan- 
blowers or turbo-machines as opposed to positive displacement pumps. 

The Roots’ blower — Fig 1 — employs two identical 8 shaped rotors rotating in opposite direc- 
tions inside a cylindrical casing. These rotors intermesh but maintain positive internal clearance via 
timing gears. Internal lubrication is unnecessary, so the air delivered is oil-free. Compression takes 
place by backflow every time a rotor tip uncovers the discharge point. Reasonable volumes of air 
сап be displaced since the blower can be driven at relatively high speeds (eg synchronous sp&ed 
of directly coupled electric rotors), but pressure generated is usually less than 1 bar from a single 
stage machine. 


Discharge Discharge 





Fig 1 Working principle of Roots’ blower, 
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А Roots‘ type air blower. 
{Peabody Holmes Ltd) 


The displacement (О) can be "er in the form of a|general formula:- 


а = KID? — C?) x W x rev/min 


whera 

= rotor diameter 

= centre distance of rotors 
width of rotors 


= a constant representing rotor efficiency, 
depending on the rotor geometry 


AZO 
и 


A typical value for К is of the order of 1,5, although this will vary with rev/min {je slip will 
tend to increase, and thus the rate of К will decrease with jncreasing rev/min). 


Fan Blowers 


A fan-type impeller consists of a number of blades mounted at a pitch angle and assembled on (or 
integral with) a hub, mounted on a driven shaft. Rotation generates a slip-stream in a similar 
manner to an airscrew, although the efficiency is very low compared with a true airscrew, since no 
attempt is made to provide a constant geometric pitch along the length of the blades (the blades 
may even have a constant pitch angle). Further, a relatively large number of blades may be used, 
with the resulting interference again reducing efficiency. At best, therefore, a simple propeller type 
fan can only generate a very low pressure, although it may be capable of moving a reasonable 
volume of air. 


For a given blade size and shape, volume of air displaced will vary as rev/min, pressure as (rev/ 
min); and horsepower input as (гем/ тип)“. For a constant speed, displacement varies as 
{diameter}? ; pressure varies as (diameter)? ; and horsepower input as (diameter)? . 


Performance can thus be expressed quantitatively by the following formulas: 


Volume = ky x rev/min x (diameter)? 
Pressure = kp x (rev/min)? x (diameter)? 
Horsepower = Khp х (rev/min)? x (diameter)? 
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where 
ky = volume coefficient 
kp = pressure coefficient 
Khp = horsepower coefficient 


Typical values of the fan coefficients are:- 
kp = 0.65 — 0.90 
0.08 — 0.18 x 10% 
Khp 0.01 — 0.03 x 10? 
The same fan laws and basic formulas also apply in the case of axial flow and centrifugal fans, 


only in these cases the values of the coefficients vary widely, depending on the specific design of 
the impeller and other empirical factors. 


~ 
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Fig 2 
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Ducted Fans 


The performance of a simple propeller-type fan can be considerably improved by enclosing it 
within a close fitting open-ended cylindrical casing, producing a ducted fan — Fig 2. The design of 
the ducting is critical. It may be parallel sided or convergent-divergent (with a fan at the throat). 
Diffuser vanes may also be added. Much depends on the individual installation as to how efficient 
the fan is, although quite high pressure can be realized with suitably proportioned ducted fans. 

For example with peripheral velocities of the order of 120 m/s (400 ft/sec) a pressure rise of 
0.07 bar (1 Ib/in?) may be achieved although in practice this is seldom realizable because of the 
high noise level generated, Maximum peripheral velocities of the order of 75 m/s (250 ft/sec) are 
more usüal, when, if higher pressure is required a multi-stage unit can be employed. 


Particular advantages of propeller type fans are relatively simple construction, low cost and the 
ability to handle contaminated and even gritty air. Their short axial length, even with motor fitted, 
makes them suitable for installation directly in walls, or for compact installation elsewhere (with 
or without ducting). Their performance capabilities are limited to those of a true fan rather than a 
blower, although higher pressure levels can be realized with multi-stage units. They are widely used 
for straightforward ventilation, forced draught and cooling purposes and are normally quiet 
Operating, running at low to moderate speeds. They may, however, pose both noise and vibration 
problems if run at higher speeds and higher efficiencies, or where the fan blades pass close to a 
stationary member. The latter problems can sometimes be overcome by adopting an asymmetrical 
fan form. 


Axial flow fans are essentially a development of the simple propeller-type fan, developing the 
advantages of the latter but eliminating the disadvantages as far as possible. They are invariably 
ducted with the smallest possible clearance between the fan blades and casing consistent with safe 
operation. The smaller the clearance, the more effective is the casing in preventing recirculation of 
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the air at the blade tips and loss of efficiency. The d. of the casing are normally parallel, 
although entry may be convergent, and relatively long to completely enclose both the fan and 
motor. Particular attention is given to the aerodynamic form of the impeller blades and to stream- 
lining the through-flow. As a consequence an axial fan can generate a higher pressure than a 
propeller-type fan and has a higher efficiency. It is still, however, essentially a low pressure 
machine, with high volumetric capability (Fig 3]. 

Critical parameters are the aerofoil form of the blades, number of blades, blade angle and area, 
overall diameter and hub ratio — in addition to tip clearance and through-flow design as already 
mentioned. For [ow pressure working, the hub ratio is relatively small (/e a small diameter hub 
with long blades). At the other end of the scale a higher pressure axial fan (blower) would have a 
large hub ratio and short blades, possibly of quite different aerofoil section. More attention may 
also be paid to the design of the fairings to streamline the flow. Guide or diffuser vanes may also 
be fitted downstream to straighten out the flow and improve pressure development. 


Noise can be a problem and can limit the practical maximum speed of the fan. In this case the 
critical parameter is the entry velocity of the air, a nominal limit being about 60 m/s (200 ft/s) 
above which velocity the noise can be intolerable. The presence of guide vanes can also cause noise 
problems by setting up local oscillatory flow, which can generate intense high pitched noise. 

To increase the pressure available from an axial flow fan a two-stage unit may be employed. 
The stages may be driven by a common shaft leg by the same motor with a shaft at each end), or 
be contra-rotating. In the former case, fixed flow straightening vanes are necessary between the 
two impellers, so that the second impeller can operate efficiently. No inter-vaning is necessary with 
contra-rotation, although the mechanics of the drive are far more complicated. In practice, the sim- 
plest solution is often to drive the two fans by separate motors. The impeller form may also be 
modified slightly to provide forced vortex flow. 


A further development is the bifurcated coaxial fan where the motor is isolated fram the down- 
stream flow by taking this flow through two separate ducts — Fig 4, This can be particularly useful 
where the air being handled is contaminated, corrosive or excessively hot, and could cause damage 
to а motor exposed to it. It also places the motor in a very accessible position for inspection and 
maintenance. Alternative methods|of isolating the drive motor include the use of V-belt drives, 
suitably faired, and mounting the fan at a bend in the ducting system, where a straight drive shaft 
can be taken through the wall of the bend to an externally ү motor. 





Fig4 
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Radial Flow Fans 
Radial flow impellers have similar characteristics to centrifugal compressors. The inducted air is 
turned through a right angle and ejected radially from the impeller. This provides greater pressure 
generation. The volume of air moved depends largely on the form of the impeller. Three basic 
blade forms are employed on blowers:- 

(i) forward-curved blades (squirrel cage impeller} 

(i) ^ backward-curved blades 

(iii) straight radial blades 

The forward-curved bladed impeller — Fig 5 — has a pressure-generating potential some five 
times greater than that of an axial flow fan and because of its form, with a large number of scoop- 
shaped blades usually of generous length, also has a high volume capacity. It is thus particularly 
suitable for handling a large volume of air where higher pressures are required than could be given 
by an axial flow fan. However, for the same capacity it will be much larger in diameter and more 
costly. Also its efficiency tends to be relatively low and restrictions may be placed on operating 
speed because of the noise level generated. This in turn can reduce the effective or usable capacity 
of the blower. They are used only when the discharge duct is short, since the high velocity at the 
discharge of the volute should not be converted to pressure. 


FOR 
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Figs Figé 


The backward-curved impeller (Fig 6) is also a high volume machine, capable of generating high 
flows at lower speeds than the forward-curved fan. Size for size, it could handle the same volume 
of air at an appreciably lower speed, and thus operate with a fower noise level. The latter 
advantage is further enhanced by the fact that the flow through the blades remains relatively 
streamlined, although much depends on the aerofoil form of the blades. True aerofoil blades pro- 
duce the smoothest flow and highest efficiencies, but result in the highest cost impellers, Flat plate 
blades may be used on simpler, less expensive designs, still capable of giving a good performance 
with high efficiency. The basic configuration is still sufficiently versatile to enable it to be suitable 
for working over a wide range of sizes and specific speeds and so is a widely favoured type for 
blowers. Pressure capabilities are also high. 

The pressure generated by either type of centrifugal impeller is generally sufficient for all 
blower duties, thus more than one stage will not usually be required, Multi-stage units are, 
however, used as compressors. Impellers with forward-curved blades are generally unsuitable for 
parallel operation, 

The radial bladed impeller — Fig 7 — is essentially a high pressure low capacity form (virtually 
the opposite characteristics to an axial flow fan). It has a relatively low efficiency. Its chief advan- 
tages are the simple construction and the open form of the impeller, which make it particularly 
suitable for working with dusty or gritty air — hence its common application as an exhaust fan in 
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Fig 7 


а 
STRAIGNT RADIAL BLA DED DMPELLER 


heavily contaminated atmospheres. If necessary the impeller can be made even more non-clogging 
by fitting a backplate to prevent fibrous material collecting at the back of the hub, or be protected 
against a corrosive atmosphere by simple coating treatment, 


Some performance comparisons between axial flow fans and the three basic forms of centrifu- 
gal blowers are summarized in Figs 8 and 9. Fig 8 shows the characteristic horsepower and 
efficiency curves, and Fig 9 static pressure curves, It should be noted that these are related to 
10096 performance of the individual machines and that no quantitative comparison between the 
different types can be drawn for pressure or volume. 


% NP AND EFFICIENCY 
3, STATIC PRESSURE 





oS юс 


PER CENT MAXIUUM VOLUME PER CENT MAXIMUM VOLUME 


Fig 8 Fig9 


Choice of Type 

For any application it is obviously desirable that the pressure and volume requirements be met 
with the highest possible machine efficiency. A convenient parameter for relating machine per- 
formance parameters and efficiency is specific speed, calculated as:- 


rev/min x (volume)®* 


Specific speed Ng = 

у (static pressure)?* 
Each type and size of machine will have a specific speed range over which its efficiency will be 
around a maximum, and initial selection of a machine type can be made accordingly — see Table І. 


The performance characteristics of the selected type must then be analyzed to see if it can 
provide the actual pressure and volume required, at a practical number of revolutions per minute. 
Propeller-type fans are mast efficient operating at high specific speeds, consistent with high 
rotational speeds, and very low pressures. Axial flow fans can operate efficiently at lower specific 
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TABLE | — OPTIMUM SPECIFIC SPEEDS FOR FANS, BLOWERS AND 
POSITIVE DISPLACEMENT MACHINES 


OPTIMUM SPECIFIC SPEED RANGE 


Metric Units English Units 















600 000 — 2 500 000 
300 000 — 2 000 000 


Propellar-type fans 100 000 — 400 000 


Axial flow fans 50 000 — 300 000 












Centrifugal impellers: 
Forward-curved, single suction 






55 000 — 25 000 9 000 — 40 000 
185 000 — 425 000 30 000 — 70 000 
60 000 — 500 000 60 000 — 500 000 
25 000 — 120 000 4 000 — 20000 
1000— (8000 6 000 — 50000 







Forward-curved, double suction 





Backward-curved 
Straight radial blade 
Positive displacement (compressor) 










Two size OM type НАВО Holmes positive dis- 
placement air blowers installed at the Batley Works 
of Fox's Biscuits Ltd. The blower supplies the 
necessary oil free air for the pneumatic conveying 
of sugar. The pneumatic conveying system was 
designed and installed by 
Atlas Equipment (London) Ltd. 





speeds, but maintain good efficiency into the region also covered by propeller-type fans. They are 
essentially high volume/low pressure devices, with again the emphasis on high rotational! speeds. 

The specific speed range of centrifugal blowers is less clearly defined, since this is influenced by 
individual design geometry, particularly in the case of forward-curved bladed impellers. Here two 
separate ranges are shown, one for impellers with single suction and the other for impellers with 
double suction. The two together cover a similar range to that of the backward-curved bladed 
impeller. The straight radial bladed impeller achieves its best efficiency at much lower specific 
speeds, although it overlaps the lower part of the other centrifugal types. 

A generalization which can be drawn from this is that a high specific speed is consistent with 
high volume, low pressure delivery; a low specific speed is consistent with high pressure, low 
volume delivery. Positive displacement machines also fall into the latter category, with specific 
speeds extending down even lower than the straight radial bladed centrifugal blower. 
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Airmovers 



































THE JETFLOW Airmover is a device which converts a small quantity of low pressure air into a 
large volume of fast moving air, its principal application being auxiliary ventilation of confined 
areas, or localized ventilation. Since the device works without power (other than a supply of low 
pressure air) or moving parts, it can provide safe ventilation in potentially explosive atmospheres. 


The principle of operation is shown in Fig 1. A supply of primary air enters the manifold where 
it expands to induce a depression at the throat of the venturi section and also attaches itself to the 
current aerofoil surface by Coanda effect. Secondary air from the surroundings is induced into the 
throat of the manifold, where it mixes with the i] air and accelerates with it through the 
divergent tube. The result is a high velocity mixture of primary and secondary flows emitted from 
the end of the tube, entraining mare surrounding air. 


1— Primary supply enters the manifold 
vía annular gap and accelerates 
over the aerofoil. 

2— Secondary supply is induced inta 
the throat of the manifold. 

J- Mixing, cooling and diluting in the 
divergent tube, 

4— Expelled at high velocity entraining 
surrounding air. 





Olin 'Jetflow' 20 air mover. 
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Typical installation of a "Jetflow Air- 

mover" on a diesel powered mobile 

vehicle. Engine exhaust is connected 

directly ta the inlet manifold providing 

primary supply to cool and dilute the 
toxic exhaust gases. 





Jetflow Airmovers can be operated singly, in series or in parallel and they perform extremely 
well when connected to ducting. There is, however, a limit to the resistance they will overcome 
but at best the Airmover will generate a static pressure (suction) of about 112 m/bar (45" W.G.), 
The resistance to airflow is determined by the length and diameter of the ducting and the 
frictional characteristic (K factor) of the duct lining. 

Adequate Airmover performance depends on the correct application of these variables:- 

(a) Gap Setting. 

(b) Pressure of primary supply in manifold. 

(c) Volume of primary supply available. 

The Jetflow Airmover will operate effectively at manifold pressures varying from 0.04 bar 
(0.5 Ib/in?) to 3.9 bar (55 Ib/in? ), It is recommended that the maximum manifold pressure does 
not exceed 4.2 bar (60 Ib/in? }. In many applications most efficient operation is attained within the 
range 0.35 bar (5 Ib/in?) to 1.4 bar (20 Ib/in? ). 
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Vacuum Pumps 


THE TWO major parameters in the design of a vacuum system are the rate of evacuation required 
and the ultimate pressure to be realized and held. These parameters determine the size and number 
of pumps required. This may involve the use of backing pumps capable of pumping from atmos- 
pheric pressure downwards, folldwed by further pumpis) which only begin to operate below а 
certain limiting pressure level. 

The majority of backing pumps are of the mechanical type, although fluid jet pumps, conden- 
sers, liquid air traps and cryogenic pumps will work from atmospheric pressure down. Mechanical 
pumps are widely used for producing coarse vacuums, and can extend into the medium vacuum 
range by adopting a second stage. The first stage is then effectively acting as a forepump for the 
second stage in pumping off the quantities of gas removed by the second stage against the fore- 
pressure provided by the first stage. 


TABLE | — TYPICAL PERFORMANCES OF MECHANICAL VACUUM PUMPS 


Minimum Partial 
Тура Design Pressure (арргох) 
















































Reciprocating Ory — single-stage 10 torr 
Dry — double-stage 1 torr 
et 20 torr 
-1 
Rotary vane Single blade — single-stage 5x ton torr 
Single blade — double-staga 2x 10. torr 
Double-blade single-stage 5x 10: torr 
Dloubla-blade — doubfe-stage 2x 10; torr 
Multi-blade 5 x 10° torr 
-3 
lunger Single-stage 5x10; torr 
с са j 2x10 5 torr 


Double-stage 







100 torr 
10 torr 
10 torr down to 
10° torr 
2 x 10! torr 
2 torr 


Twin rotor 





oots — doublestage 


Root — single-stage 
oats — type booster 






Lysholm 
orthay 





TABLE It — VACUUM PUMPS — TYPES AND CHARACTERISTICS 


Reciprocating, dry type 


Reciprocating, wat type 


Vane, dry type 
Vane, oil sealed 


Meshing rator 


Rotary plunger 


Molecular drag, finned rotor 
Malecular drag, plain rotor 


Steam ajector 


Liquid ring 


Water ejector 
Vapour booster 


Diffusion, ой 


Diffusion, marcury 


Cryogenic 


Chemical (absorption) 


Sorption 


Getter-ion {evaporative ion) 


Cold cathode (penning pump) 


Normal or Typical Operating Range 


Single-stage — down to tO torr 
Two-stage — down to 1 torr 
Singlestage — down to 5 torr 


Down to 5 x 107 torr 


Single-stage — down to 5 x 10° torr 


Two-stage — down to 5 x 105 torr 


Single-stage, down to 1 torr, 
depending on type 

Two-stage, down to 107 torr 
Down to 107 torr 

107 10 10? tor 

107 to 10$ torr 

Single-stage — down to 26 in Hg 
Two-stage — down to 29% in Hg 
Three-stage — down to 29% in Hg 
Four-stage — down to 1 torr 
Fiva-stage — down to 107! torr 
Down to 50 torr 


Down to 50 torr 


From 10 to 10° torr 


Non-fractionating — from 10 to 
10° torr 


Semi-fractionating — from 10? to 
10 тог 

Fractionating — from 107 to 

Бх 10" torr 


From 10? to 10 torr 


Down to 10 1? torr 


Down to 2 x 107 torr 


Down to 10? torr 


5 x 10* to 107! torr 


5 x 10° to 1071! torr 
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Remarks 


Vertical or horizontal 

Single-, twin- or multi-cylinder 
Slow running speeds normal 
With or without gas ballast 


With or without gas ballast 


With or without gas ballast 


Require fore-pump 


Normally employed with 
intermediate condansers 


Single- or two-stage 
Liquid used is generally water. 
Remove condensable vapours, 


Larger than steam ejector for 
similar duty. 


Combines diffusion pump 
backed by ejector pump 


Require fore-pump for 
backing pressure 


Regular freezing traps may 
be preferred for oil-free 
systems 


Condensation pumps employing 
liquetied gas refrigerant 


Alumino-silicate chemical 
compound at —200 C 
lliquid nitrogen coolant) 


Molecular siaves at circa 
—200 € (liquid nitrogen 
coolant). 


Usually titanium or zirconium 
getter. Outgassing reduced 

by uniform baking prior to 
pumping leg at 450 С). 


Outgassing reduced by uniform 
baking prior to pumping leg 
at 500 C) 
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Mechanical Pumps 


In the case of mechanical pumps, the following is an empirical formula wich can be used when 
initial evacuation time is not critical:- 


Sm 24V?^ 
where | 
Sm = the minimum mean speed of the pump between atmospheric 
pressure and operating vacuum in | per minute 
у = 


the volume of the system in I? 


Where evacuation time and the vacuum level to be attajned are critical, the formula:- 





S, = 23У tom, P: 
t Ра 
should be applied, where | 
Se = mean г есіме speed in pump in | per minute 
V = volume in| 
t = permissible evacuation time in minutes 
p, = initial system pressure in torr 
pi = final system pressure in torr 


Pump capacity necessary to maintain the required vacuum level against air leakage only can be 
estimated from the following empirical formula: 


i Мр i 
ee ae | 
бр 
where | 
Se = effective speed of pump at operating pressure in l/minute 
= volume of system in | 
p = operating pressure in torr 
Pj = pressure rise due to air in leakage torr/hour 


(measured by pressure rise test and/or specified as 
leak-tightness standard). 


In a practical system account just also be taken of gases evolving from the process or system. 


'Blank-Off' Pressure 


It is normally recommended that in selecting vacuum pumps, the minimum 'blank-off' pressure 
capability of a pump should be af the order of a half to one decade lower than the ultimate oper- 
ating pressure to be attained by the pump, Thüs a rotary piston pump with a 'blank-off' capability 
of 0.01 torr would be suitable for use on a system requiring an ultimate operating pressure above 
0.05 to 0.2 torr. Increasing the margin between ‘blank-off’ and operating pressure is advantageous 
but decreasing it below the recommended figure will result in reduction of system reliability, 
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Many single stage rotary piston pumps are capable of reaching 'blank-off' pressures of 0.010 
torr or lower, which represents a compression ratio capability of the order of 100000 to 1, In 
terms of operating pressure range, such pumps perform efficiently between 75 torr to 0.075 torr 
and thus have operational compression ratios ranging from 10 to 1 to 10000 to 1. 


The efficiency of the pump can be estimated from the following formula: 


Fe = (Fi x Fy ps 


where 
Fe = combined pump efficiency factor 
F И Sav 
1 = 
41.63 kW 
F ШЕ 2.88 logiop 
2 M 
4.88 
where 
Sav = mean speed of pump from atmosphere to pressure p. 
kW installed power in kilowatts of driving motor(s). 
p = lowest pressure obtained in torr 


Gas Ballast (Fig 1} 
If water vapour (or other vapour} is likely to be present in the system it will cause trouble by con- 
densing during the compression cycle of mechanical pumps, contaminating the oil circulating in 
them. On entering the high vacuum side, this condensation will re-evaporate, reducing the ultimate 
pressure and pumping speed. 

This can be overcome by using the technique of gas ballasting on the backing pump in the 
system. 

Gas ballasting involves the ingestion of a small quantity of gas (usually air) at a constant rate of 
mixture, preventing condensation during compression provided the sealing oil temperature is above 
the saturation temperature of water vapour at the reduced partial pressure, Normally, for effective 
gas ballast, the oil temperature should be maintained at 60°С to 70°C (140°F to 160°Е} where its 
lubricating and sealing properties are not impaired due to reduction in viscosity. 


Vane pump working with gas ballast 
(water vapour ejected with gas ballast). 


Vane pump working without gas ballast 

{condensed water vapour remaining aver 

a certain level if partial evacuation 
is needed). 
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The use of gas ballast limits ‘blank-off' and operating pressure capability of the pump. Depend- 
ing on the particular design and the characteristics of t је pump, there is an upper limit to the 
pressure at which gas ballast is effective. This is normally in the region of 25—30 torr which limits 
the quantity of water vapour which can be handled by a particular capacity pump. Where large 
quantities of water vapour have to be handled, the mechanical pumps should be protected by a 
water-cooled or refrigerated condenser or trap, as condensing is the most efficient means of 


pumping water vapour. | 


Condensers 


Condensers usually consist of a vacuum envelope containing tubes or parallel plates, which may be 
either water cooled or refrigerated. The most efficient vapour trapping path is achieved by correct 
positioning of the vapour inlet and outlet. 

Condenser performance is independent of the capacity of the backing pump, which merely 
maintains the required low partial pressure, However, high permanent gas pressures must be 
avoided as they will blanket the cooled surface and reduce the condenser efficiency. 

If very high water vapour pu nping speeds are required, it is necessary to use a water cooled 
surface condenser. A condenser consists of a suitable designed tube unit which has a high cooling 
water velocity, and pumping speeds as high as 2—2.5 kg water vapour per m? condenser area par 
hour per degC mean temperature difference can be achieved. For lower partial vapour pressures, 
refrigerated condensers can be used. However, there is always the possibility that the vapour fluids 
may freeze. | 

Therefore, space must be left between the condenser tubes to prevent ice bridging across them 
and causing too great a temperature difference. The coefficient of heat transfer depends mainly on 
the thickness of the frozen layer; for water vapour which has formed an ice layer 6 mm thick, the 
figure is about 320 kcal/m? /degC. However, the temperature difference between the evaporating 
refrigerant and the ice also affects the coefficient, as this affects the turbulence and hence the rate 
of heat transfer. 

A disadvantage of refrigerated condensers is that they must be defrosted periodically. There- 
fore, if continuous operation is required, two units must |be installed in paraltel; one condensing, 
the other defrosting, 

An ideal pump/condenser combination which has excellent vapour handling characteristics, and 
will operate efficiently in a variety of conditions, is a two-stage mechanical system consisting of a 
rotary pump and a mechanical booster pump with Анты condenser. Very fast vapour 
pumping is possible due to the fact that the interstage pressure is high, and vapour can be con- 
densed and collected in a suitable receptacle. 

Contamination of the primary low pressure pump is avoided by maintaining an interstage 
vapour pressure below that at which condensation occurs in the pump. The backing pump, which 
has a much smaller capacity, is protected by gas ballasting. Using this system it is possible to cope 
with water vapour with a partial pressure of up to 100 torr. Furthermore, solvents particularly 
those with a high vapour pressure, can be easily pumped, trapped and recovered. 


Diffusion Pumps 

Diffusion pumps as a type require a forepump for backing pressure, when they are capable of 
working from 10* down to 19° torr, depending on type. They are basically condensation pumps, 
using mercury or oil as the working fluid. Oil-diffusion pumps are generally preferred for industrial 
applications, and may be of either fractionating or non-frattionating type. 
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Diffusion pumps are manufactured both as individual pumps and pump sets incorporating a 
suitable forepump. 


Oil diffusion pumps are capable of much greater pumping speeds than mercury pumps of 
similar size, because of the difference in molecular weight and molecular volume of the operating 
fluid, Oils also have a low vapour pressure compared with mercury and thus the pumping speed is 
relatively unrestricted. Also the use of a freezing trap can be avoided [usually necessary with a 
mercury diffusion pump to prevent mercury vapour from diffusing back into the vessel being 
exhausted), except in specific applications where it is absolutely necessary to ensure complete 
absence of oil vapour in the work-piece (eg as in the evacuation of envelopes of thermionic valves 
and similar devices), 

The typical modern oil diffusion pump is capable of attaining pressures of the order of 10° 
torr without the aid of cold traps or baffle systems and maintains a high pumping speed over the 
majority of the working range. Apiezon oils are commonly employed as the working fluid, having 
a low vapour pressure and being extremely reliable in use. Construction is usually of metal with 
either water- or air-cooling, The jet system may be fractionating, semi-fractionating or non- 
fractionating, according to which is best suited to the particular application. 

А certain amount of back-streaming is inevitable with a diffusion pump, although this may be 
largely reduced by fitting a baffle plate directly above the pump inlet. Some baffle plates incor- 
porate a valve as well as a baffle so that the pump can be completely isolated from the vacuum 
system if necessary, The use of a baffle plate, however, automatically means a reduction in pump- 
ing speed and so where one is employed it is most important that the design offers the best 
possible compromise between reduction of back-streaming entirely and where it is necessary to 
reduce back-streaming to an absolute minimum refrigerated chevron baffles or cold traps have to 
be employed. 

For applications where the slightest trace of oil vapour in the vacuum system must be avoided, 
mercury diffusion pumps may be used. To eliminate mercury vapour from the vacuum system 
(although this may be acceptable in some cases, where oil vapour would not), very low temper- 
ature traps are employed, using liquefied gases as coolants. 

Vapour Booster Pumps 

Vapour booster pumps fall between the conventional diffusion pump and a rotary pump as far as 
general performance is concerned. They comprise, usually, a diffuser purnp (one or more stages) 
backed by an ejector pump or ejector stages. 


Fluid Jet Pumps 
Fluid jet pumps work on the principle of introducing a high-velocity fluid jet (liquid or vapour) 
into a mixing section where it meets the gas to be evacuated and entrains that gas by turbulent 
mixing. Some of the momentum of the jet is thus imparted to the gas which is carried down into a 
diffuser section and thence to a condenser if necessary, for separation. Where the operating fluid is 
а liquid, separation can be achieved in the diffuser, and where the operating fluid is a gas usually in 
a condenser, although the complete system may comprise two or more stages, with or without 
intercooling, depending upon the performance required, The usual types may be grouped as water 
jet pumps (fluid), steam ejector pumps (vapour) and vapour-booster pumps. The two former are 
essentially similar in principle and application whilst the vapour-booster pump comprises a two- 
stage system with a condenser — Fig 2. 

The steam ejector pump has the most wide-spread industrial application and has, in fact, largely 
replaced other types of vacuum equipment in certain fields (eg for use with power plant con- 
densers) because of its simplicity, reliability of operation and low maintenance costs. 1t can also be 








362 VACUUM PUMPS 






э Annulür mts 
To batching 
pump 


Ejector jet 





OW raturn pipas 
АН 





Vapour booster pump A — divergent jet nozzle 
En B — suction chamber 
ig C — mixing chamber 


Fig 3 


used to handle corrosive or extremely hot gases, etc, since many materials can be adapted for its 
construction — eg the major pump elements can be made from carbon or refractory materials, 
glazed ceramics, etc, to resist corrosive attack. It may be termed variously a jet pump, ejector, 
augmenter {or vacuum augmenter}, or thermo-compressor, depending on the duty performed. 
When used to produce and maintain a condition of vacuum by the removal of incondensable gases 
it is correctly termed an ejector. If used to compress vapours from a condition of high vacuum to a 
lower vacuum at which condensation can take place, it is correctly termed a vacuum augmenter, 


The design of all steam jet pumps is essentially similar and follows the form shown in Fig 3. 
Steam is introduced via a divergent nozzle into a converging section of the body. The body section 
also incorporates a suction branch connected to the vessel or system to be evacuated and gases 
drawn in through this opening are entrained with the steam jet and carried down with it into the 
diffuser section or compression tube. During this process of entrainment the steam jet loses a 
proportion of its energy which is imparted to the aspired gases. In the diffuser section the kinetic 
energy of the mixture of steam and gases is re-converted [nto pressure energy. The degree of com- 
pression which can be achieved is proportional to the amount of kinetic energy each unit mass of 
mixture has when it enters the diffuser and thus, basically, to the quantity of steam passing 
through the jet nozzle. The normal range of single-stage ejectors embraces a steam consumption 
ranging from about 50—60 up to 8000—9000 Ib per hour.. 

The compression ratio of the ejector is defined as the ratio of the absolute pressure of the 
steam-gas mixture at the discharge end to that of the absolute pressure of the aspired gas at the 
suction branch. Compression ratios of up to about 15:1 are practical with simple ejectors, 
although it is more usual to work to a lower figure in order to achieve better economy in steam 
consumption. Thus the single-stage ejector produces economic operation down to vacua of about 
26 in, For higher vacua a two-stage or multi-stage unit is normally preferred. 

When two or more stages are employed it is usual to employ a condenser between each stage 
so that the steam of the first stage is condensed out and withdrawn before reaching the next stage. 
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Thus each succeeding stage has only to deal with the incondensable vapours remaining. The usual 
method of cooling is to employ a cold water spray when the steam is condensed by direct contact 
with the cooling water, whilst at the same time the incondensable gases are cooled and reduced in 
volume before being drawn into the suction branch of the following stage ejector. 

Three-stage ejectors are usually provided with an intermediate condenser for the first stage 
(although this may be omitted on smaller units) and a further condenser following the second 
stage. Four-stage units seldom require a condenser following the first stage since the amount of 
steam consumed from this stage is small and can be efficiently compressed by the following stages. 
Five- and six-stage units follow on the lines of a four-stage unit, with the addition of one or two 
non-condensing stages. The bulk of industrial applications are covered by one-, two- or three-stage 
injectors. 


Water-operated air ejector pumps operate on a similar principle to the steam ejector except 
that the velocity of the water jet is due to pressure alone rather than expansion and is therefore 
usually much lower (steam jet velocities of over 1200 m/sec (4000 ft/sec) are commonplace in 
Steam ejectors designed for high vacua). For a similar duty, the water ejector pump is considerably 
larger in order to deal with a similar volume of gas (normally air). Initially the air is in contact with 
the outer surface of the water jet only, until subsequently entrained in the cone, 

See also chapter on Vacuum Techniques. 








SECTION 5 


Techniques 








Noise Control 





ALL PNEUMATIC machines, tools-and devices tend to be noisy because relatively high pressure 
air is exhausted direct to the atmosphere, producing a choked jet stream. Noise level may further 
be raised by the mechanical noise generated by the device itself (particularly in the case of per- 
cussive tools). Basic solutions are то silence the exhaust and apply some form of sound deadening 
or sound absorption to the tool itself. 


Appliance Noise 
Pneumatic tools and appliances basically exhaust compressed air directly to atmosphere. Where the 
pressure ratio at the exhaust exceeds 2:1 the exhaust flow will be supersonic. Shock waves are 
generated and a considerable degree of turbulence with the sudden breakdown of the shock waves 
and mixture of high velocity air with surrounding static air, Noise reduction can only be effected 
by (i) eliminating shock wave formation and (ii) reducing the exit velocity as much as possible to 
minimize the degree of turbulence. Both depend on the pressure ratio involved. 

The most effective way of reducing the noise is to allow the air to escape into an expansion 
chamber in order to reduce the pressure ratio to below 2:1 before it finally escapes into the air, 


Silencer fitted to Airmac MK20 Super 
Silent’ Breaker. 
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Three further problems then exist. The flow into the expansion chamber will still be supersonic, 
with the formation of shock waves. Suitable attention must, therefore, be given to the expansion 
shocks so formed. Noise from the final outlet will be primarily dependent on the escape velocity, 
which is in turn dependent on the final pressure ratio and the area of outflow. Further reduction 
in noise is thus possible by increasing the outflow area, so that the flow is diffused. The final 
requirement is that the complete device, or silencer, does not impart excessive back pressure to the 
outflow, which cauld affect the operating efficiency of the device. 


The simplest type of silencer consists of a simple expansion chamber attached to the exhaust 
= А А А x Lt А 

port of the device — Fig 1. This provides a volume in which the pressure ratio can be reduced to a 
suitable figure, ie P2 less than 1.9 times atmospheric pressure, when the exit flow will be subsonic. 
The final noise energy will be proportional to AVP, from which it is obvious that anything 
reducing the value of V2 will have a substantia! effect on the noise energy level. Some improve- 
ment can often be realized by the simple practical expedient of attaching a length of hose to the 
silencer outlet to act as a second expansion chamber, further reducing the value of V2. 
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Silencers of this type may be in the form of simple attachments to fit on the exhaust port ofa 
cylinder or valve, or in specific cases may be incorporated in the design of the tool or device. Noise 
reduction of up to 10 dB(A) is generally possible, with a suitable chamber volume. Further 
improvement can be realized by using a two-port chamber, and/or combining an expansion 
chamber with a diffuser. Here savings of up to 25 dB(A) are sometimes possible, although the 
figure achieved is usually materially less (Fig 2). 


Two-chamber expansion provides better control of expansion shocks, particularly if the first 
chamber can be enclosed. This will prevent any expansio | shocks formed from passing directly out 
of the final port. Also final expansion through the exhaust port can take place isothermally, or 
nearly so, because of the low pressure ratio involved. This is particularly useful, since it eliminates 
the possibility of ice build-up in the exhaust chamber or exhaust port — a problem which can arise 
with simple single-chamber exhaust silencers. This, in| fact, is the main limitation of simple 
silencers. The sudden drop in temperature of the air on expansion deposits water vapour which can 
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freeze around the exhaust port or exhaust passages, or even block the silencer completely. In 
practice, however, complete blockage is not likely because of the scouring action of the high 
velocity air passing through the chamber, provided the flow path is simple. Icing up of the first 
chamber is also a possibility in the case of two-chamber expansion. Here, however, the design can 
allow for the fact that should the first chamber become iced up, flow to the second chamber will 
not be restricted. In that case the exhaust cannot become restricted by icing up, only the efficiency 
of the silencer reduced. 


Percussive tools are inherently noisy in operation, since the majority of the expansive energy af 
the air is dissipated in the exhaust at each end of the stroke; a piston impacts against an anvil block 
at a frequency of the order of 20 times per second and a high intensity stress wave is transmitted 
down the drill rod at a similar frequency. The typical noise spectrum comprises a number of 
discrete frequency peaks spread over a wide range with a high overall level of the order of 100 dB 
— see Figs 3 and 4, Basically, however, about 80% of the noise comes from the exhaust, and most 
of the remainder from the rod. Simple jacketing, without any attempt to silence the exhaust, 
would thus be singularly ineffective. 


Fig 3 
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Fig 4 


Fitted jackets or mufflers provide a means of silencing an existing (unsilenced) tool without any 
structural modification. Jacket-type mufflers (eg Pfister and similar) are also generally lighter and 
comprise, basically, a lightweight jacket of PVC coated terylene lined with profiled foam rubber, 
which is reinforced adjacent to the exhaust positions. They are held in place with cords and straps. 


Rigid, detachable mufflers (basically exhaust silencers) may also be produced by manufacturers to 
fit individual standard tools, although in this case the tool must be designed initially with provision 
for accommodating a matching silencer. The simpler solution of producing an exhaust silencer to 
fit on to the exhaust in the form of an extension piece is less attractive because of its vulnerability. 
Also the efficiency of simple single-chamber exhausts can be relatively low, and variable, if icing- 
up is experienced. 
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Particularly good results hava been obtained on road breakers with both exhaust and steel 

. Nu do 5 i : : 
muffling, and the combination ds silenced portable compressor with a fully muffled breaker is 
likely to meet most of the objections from the public when they are used in a built-up or 
residential area. It is unlikely that any further reductions of appreciable magnitude can be 
obtained in this equipment in the near future It has been suggested that hydraulic breakers which 
are coming onta the market now are much quieter than’ the corresponding pneumatic ones, but 


tests show this not to be so. 


Simple exhaust systems applied to pneumatic tools are generally based on the addition of a 
collector ring around the body of the tool and encircling the original exhaust openings. This is 
suitably sealed to the body to form a complete expansion chamber. Some further silencing may be 
achieved by the addition of a length of hose to the exhaust outlet of the silencer, the collector ring 
then acting as a first expansion chamber with subsonic flow through the hose and to the final exit. 
The noise reduction achieved by these methods on a pneumatic hammer is shown in Fig 5. 
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Fig 5 Comparison of the decibel scale 
Шәт Ыз with sound pressure and energy for an 
experimental silenced rock drill. 
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Tool Steels 


Sound reduction treatment of steels remains a particularly difficult problem. Piston and anvil noise 
is, to some extent, alleviated by the use of a padded jacket, when a noise reduction of up to 
10 dB(A) may be achieved, although the figure is usually less. There is also user-objection to the 
greater bulk of a padded tool. 


The direct approach is the use of a high damping material for the rod, although unless the 
material has directional properties this will inevitably lead to a loss of effectiveness of the tool 
point. 

An alternative solution which has been developed by BroomWade is the fitting of an elastomeric 
damping device located at a critical point an the steel. The object of this is to reduce mechanical 
vibration and recoil, and hence the noise radiated. А comparison under similar conditions, between 
a standard breaker using a standard steel and a muffled breaker with elastomerically damped steel 
has shown a noise reduction in the latter case as high as 10 dB(A). 


Fan Noise 
The noise generated by a fan tends to be directly proportional to the static pressure developed and 
the bhp absorbed by the fan. Other major parameters covered are:— 

{i) Air velocity — responsible for self-noise. 

(ii) Turbulence — responsible for frequency content of noise. 

(iii) Operating rev/min — responsible for mechanical noise (bearing and motor noise). 
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An empirical formula for estimating the fan sound power level direct from pressure, volume and 
input power is:— 


SWL = 90 + |одјоћр + 10log,sP 
ог SWL = 55 + 10 logioq + 20 logo P 
or SWL = 125 + 20 logighp — 10logioq 


where SWL = overall sound power level of the total noise spectrum (31.5 Hz to 
8 kHz) transmitted to the associated ductwork in either upstream 
or downstream direction (measured in dB re 1073 watts) : 
hp = rated motor horsepower 
P = static pressure (inches wg) 
q supply volume f /min 


Noise level and frequency content is also influenced by the number of blades in the fan. 
General characteristics of different fan types are summarized in Table I. 

The noise spectra of fans vary with the type of fan, but in general they are typical of all aero- 
dynamic noise in that the acoustic power generated over a wide spectrum rises to a shallow peak at 
a frequency determined by the type, size and duty of the fan. Centrifugal fans having either 
forward or backward curved blades tend to produce a spectrum which fails at approximately 
548 per octave with increasing frequency, although there is a tendency for backward curved 
impellers to generate more energy at high frequencies and correspondingly less at low frequencies, 


TABLE! — FAN NOISE PARAMETERS 


Туре of Fan Turbulence Speed 
мећу 


Propeller inherently low noise level 















*Low pressure types 
tHigh pressure types 


Axial flow 












Centrifugal 
Forward curved 
Backward curved 





Large number of blades 







Straight radial blade 


Axial-flow fans have a much flatter spectrum and contain a much greater proportion of high 
frequency energy. Typical generalized spectra are given in Fig 6. The use of this chart can give 
octave band sound power levels of standard fan configuration to an accuracy of £4 dB. 

Not all noise generated by fans and transmitted along the ductwork comes from aerodynamic 
sources at the impeller. Some of the noise may be attributable to fan unbalance, bearing noise, 
structural resonance of the casing, or to noise generated in the motor, its couplings or belts. The 
fan noise may also be affected by its mode of installation and whilst the sound power generation 
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Fig 6 Chart far estimating octave band 
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of a centrifugal fan does not seem to be greatly affected by variations in inlet and discharge 
arrangements, extreme care should be taken to ensure that axial flow fans are installed in 
accordance with the manufacturers' recommendations. Quoted sound power levels are generally 
applicable to the case where the axial flow fan is coupled to inlet and discharge ducts having the 
same diameter as the fan casing and a minimum straight duct-run upstream and downstream of the 
fan equal in length to two duct diameters. The rated sound power levels are also applicable to fans 
having coned inlets and inlet transformation sections, provided the included angle does not exceed 
60 


The octave band sound power level and the spectrum of fan noise vary not only with the speed 
and duty of the fan, but also with its type and individual manufacturer. A standardized procedure 
for the measurement of fan sound power output is laid down by British Standard 848, Part 11, and 
most fan makers will be found to publish full details of noise generation by their products in 
accordance with this Standard. 
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Low Temperature Pneumatics 





CONVENTIONAL PNEUMATIC systems are limited to operating temperatures above O^ C as com- 
pressed air is normally saturated with water vapour which would freeze at lower temperatures, 
This can be a problem with exposed outdoor pipeline systems in severe weather, for example. 
Where it is necessary to operate systems at sub-zero temperatures, two basic methods of approach 
are possible — (1) drying the compressed air before delivery; or (ii) air dosage, or injecting "anti- 
freeze' into the compressed air. At the same time components themselves may need separate treat- 
ment (eg with local heaters or heated jackets) to ensure freedom from freezing and seizing up. 


Dryers 

The use of air dryers is well known and with modern types can be operated at economic levels or 
a continuous flow basis. Absorption-type dryers are capable of removing about 99.996 of the water 
content in compressed air, making it possible to operate a compressed air system down to about 
—70°С. The actual minimum working temperature achieved will depend on the performance and 
capacity of the dryer, and the limit to which it is worked. In fact, it is economic sense to work a 
dryer below its full potential water removal performance, adjusting the level for the amount of 
protection necessary. For example, something substantially less than 99.9% water removal will be 
adequate for working the system at, say —TO°C. 


Air Dosage 

Air dosage is a much simpler, and usually cheaper method, injecting the compressed air with 
alcohol or a vaporizing spirit which effectively lowers the freezing temperature of the water vapour 
content. The effectiveness of air dosage, however, is limited by the maximum dosage of 'anti- 
freeze' that can be injected without diluting lubricant present to dangerously law levels, А typical 
maximum dosage is 10 drops per cubic metre of free air, which should be capable of lowering the 
minimum working temperature of the system to between —15^ and —20°C. 

Optimum point for injecting an anti-freeze dosage is immediately following the compressors, 
where the air is warm. This will promote rap'd and complete vaporization of the injected fluid — 
Fig 1. In a small system, however, adequate performance can often be obtained by introducing the 
spirit dose in the downstream line or lines which are operating in a cold zone — Fig 2. When the 
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Fig 2 Alcohol mist dosage for small compressed air system 
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supply feeds both cold and normal temperature service lines only those in the cold zone need 
dosage. Thus downstream dosage can һе more economic where only part of the system has to 
operate in freezing temperatures. It also has the merit that the disadvantages associated with 
dosage are avoided in the ‘normal temperature’ service lines. 


осу 
| 





System Requirements | 

Air dosage or air drying provides protection to systems down to the temperatures indicated. This 
does not necessarily mean that the complete system will continue to function satisfactorily at 
these low temperatures. Some water vapour will still be present (particularly with spirit dosage), 
and ice may still form at points where local expansion of the compressed air produces a further 
drop in temperature. Also water vapour present in the surrounding air can turn into ice in contact 
with low temperature parts in the system — eg outlet ports. Localized heating of components may, 
therefore, be necessary, to maintain satisfactory minimum temperature working. 


In less severe applications, lacalized heating may prove satisfactory on its own. Thus, where an 
air line has to pass through a cold zone, heating by a jacket or similar means may be sufficient to 
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maintain the air supply above dew point. If valves are located in cold zones, these can be protected 
from freezing by containing them within a thermally insulated enclosure with simple internal 
heating (eg provided by a low or moderate wattage light bulb). If localized heating is considered 
too complicated or unjustified, then alcoho! dosage, applied at the critical point of the system 
where freezing troubles occur, may offer a simpler solution. 

The main risk of ice formation in pipes occurs just after throttling points. If the system is 
intermittent in operation the quantity of ice formed may be insignificant and melt during the off 
times without giving any trouble. Icing problems may well show up on such a system operated at 
a faster rate or for longer periods of time because of restricted melting times and consequent ice 
build-up. 

Operating at low ambient temperatures, but above freezing point, these critical areas subject to 
freezing may well show up by the formation of ice on the outside of the pipe. This in itself is not 
necessarily harmful in a continuously operated system; but with intermittent use can cause ice 
formation inside the pipe unless the compressed air supply is dosed or dry. 


Outlet ports are a particular source of ice formation because of the sudden drop in air tempera- 
ture at this expansion point. Ice can build up quickly, blocking the port. Dosed or dry air cannot 
guarantee protection from icing because the port is exposed to outside air. If protection from 
exhaust port icing proves troublesome then two possible solutions are:— 

(i) apply alcohol dosage at or immediately preceding the port (mostly applicable to 

a continuously operated system); 

(ii) apply localized heating to the port. 
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High Pressure Pneumatics 





FROM AN overall efficiency point of view, optimum usage of compressed air is restricted to com- 
pression ratios of 7:1 to 8:1 (е working pressures of 7 to 8 bar). The development of higher 
working pressures requires an increasingly disproportionate expenditure of power for compression, 
as well as increased component stresses and explosion-hazard in the event of failure. The marked 
difference between pneumatics ahd hydraulics in these respacts is due to the compressible nature 
or ‘elasticity’ of air. 

For general applications, the only advantage offered by higher compression ratios is in storage 
systems where high pressure air can be stored in a suitable pressure vessel and ‘let down’ to con- 
ventional delivery pressures. Storage at high pressure substantially reduces the volume required for 
the storage vessel. 

For other more specialized applications there are definite requirements for higher pressure 
compressed air, which may extend to pressures of around 1000 bar for air blasting and metal 
forming — see also Table 1, High pressure air systems can, in fact, be categorized in four pressure 
ranges, with conventional industrial pneumatics rated as low pressure systems. 


(i) Moderate pressure (17.535 bar}, normally derived directly from a compressor, 
or reservoir charged by a compressor. 

{tii} High pressure {35—210 bar), normally derived from a charged air bottle, 

liii] Very high pressure (210—450 bar}, either derived from high pressure reservoirs 
charged by multi-stage compressors for large | volume applications, or from 
intensifiers for ‘single slot’ or small valume application. l 

liv) Ultra-high pressure {700—1 400 bar), for highly specialized applications with 
supply from multi-stage leciprocating compressors, 


The direct production of high pressures demands the use of multi-stage compressors of the 
reciprocating type. Because output is necessarily restricted, a compressor (or batch of 
compressors} can be used to pum up a reservoir to the required pressure, the reservoir volume 
being selected on the basis of thé working capacity eure, Alternatively, if the demand is rela- 
tiely low, it can probably be met by a gas battle where the initial pressure available is usually of 
the order of 125 bar (1800 Ib/in? ), If the working pressure required is very much lower, this again 
may feed a reservoir, through a Ога тое reducing valve. The third alternative is to obtain the high 
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TABLE | — HIGH PRESSURE PNEUMATICS 


Pressure Range Typical Applications Working Pressures 
bar Ib/in? 


Engine starting 25-42 350—600 
Modarate Air blast switchgear 17.5 up 250 up 
Deep sea diving 10 150 


Sea diving (air cylinder charge} upto 210 upto 3000 
Deep sea diving lair cylinder 

charge 105--140 1500-2 000 
Secondary /emergency 

aircraft control services 35-210 500 3 000 


Е For specialized process plant 210—350 3 000--5 000 
Vary high 210—550 Supersonic wind tunnels 210-420 3000-6 000 
Air-blasting 700-840 10000-12000 


Онга Righ 200.0988 Metal farming upto 14 000 upto 20 000 





TABLE Il — THEORETICAL POWER TO COMPRESS 1 CUBIC METRE OF AIR 
AT ATMOSPHERIC PRESSURE 


Powar in Kilowatts 


Delivery Pressure (bar) 


Two-stage 
Three stage 


Four-stage 


Five-stage 





TABLE ПА — THEORETICAL POWER TO BOOST 1 CUBIC METRE OF FREE AIR PER MINUTE 


Power in K ilowatts 
Inlet Pressure Boost 


7 Multi-stage 
70 Single-stage 
140 Single-stage 
210 Single-stage 
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pressure supply indirectly by boosting an available low pressure supply. This may be a normal air 
line supply, eg 7 bar (100 Ib/in? }, or a supply from a gas bottle (say at nominal 105 bar 
{1500 Ib/in*)) according to the final pressure required and the pressure intensification possible 
from the booster. (See also Tables |! and ПА). 

All three methods tend to have the common limitation that the volume of high pressure air 
available is restricted, either in terms of free air equivalent, or in the time over which the required 
working pressure is available. The higher the working pressure level, the more marked this restric- 
tion becomes. Thus high pressure pneumatics tends to be limited to specialized systems or require- 
ments which only need short term or non-continuous operation. 

This convention may, however, be subject to change. In certain fields, the use of higher 
pressures under exact control may provide the higher output forces normally associated with 
hydraulic power, particularly for "impulse" applications, and in servo mechanism working. Even the 
methods of obtaining air pressura may change, such as by using liquid air for storage, or even 
generation of pressurized air by chemical processes. 

Currently, practically all the compressed air {and other high pressure gases) for industrial use 
are derived from conventional multi-stage compressors. Only the lower pressures are normally 
supplied direct from compressors, For higher pressures Шр to about 140 bar {2 000 ib/in? ) the 
most convenient form of supply is usually| a charged gas bottle. For pressures of 105 bar 
(1 500 Ib/in? ) up to about 1 400 bar (20 000 Ib/in* ) a gas booster is used. 


A gas booster 15 simply a pressure intensifier Or air pump accepting low pressure air in a low 
pressure cylinder, to drive a smaller piston in a high pressure cylinder. This tandem configuration is 
associated with a valve mechanism which acts at the end of each stroke to produce continuous 
reciprocation. The high pressure piston and cylinder form the upper portion of the intensifier or 
pump and the inlet and outlet valves are normally mounted on the end of this cylinder where they 
are readily accessible. 


The inlet is compressed air at normal line pressures (eg 7 bar ог 100 lb/in? gauge). The outlet 
pressure is determined by the ratio of the areas of the low and high pressure pistons offering, in 
theory at least, a direct method of boosting the supply to almost any pressure required. In practice, 
however, performance is limited by the unswept voluma present (which is kept to a practical 
minimum), and that optimum performance is achieved with a pressure ratio of outlet pressure to 
inlet pressure between 4:1 and 6:1, 

To obtain higher outlet pressures with economic and efficient booster working, a charged gas 
bottle can be used to provide the initial supply. For still higher pressures two boosters can be used, 
operating in series. To reduce pressure носа има in the supply to the second booster a receiver 
can be incorporated between the two. 

Basically, a booster continues to pump until a preset pressure is reached. It will then continue 
to deliver air at this higher pressure, or will remain stalled with no demand, until the pressure falls 
below the preset level. Since the|output pressure is directly related to the input pressure, any 
variations in the latter will affect the output pressure. Thus, when the supply is from a gas bottle, 
pressure from the supply will falt as the bottle is discharged. The maximum pressure available from 
the booster is then based on the lowest pressure to which it is considered economic to let the 
bottle pressure fall. This may be further modified by the output volume required. 








Let-Down Systems 


Compressed air stored in bottles or high pressure receivers provides a cheap, compact source of 
emergency power. It can also be used for portable systems, divorcing the actuator or appliance 
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from a compressor. The supply pressure required may be low — eg a conventional 7 bar 
(100 Ib/in? ) supply — when и can be advantageous to store the compressed air at a much higher 
pressure in order to increase the volume of free air available. The storage vessel can then be fitted 
with a reducing valve to supply air at the required pressure. A shut-off valve necessary to isolate 
the pressurized supply vessel, cannot provide satisfactory pressure control. If the pressure level to 
be maintained is critical, then further control may be provided by a back-pressure or pressure- 
maintaining valve. 

A back-pressure valve is shown in Fig 1. This is of the 'inverted' type, with inlet pressure 
tending to close the valve rather than open it. The valve is opened by inlet pressure lifting a spring- 
loaded piston to which the poppet ts loosely connected. The poppet valve is seated by a light 
spring, the inlet pressure acting on the small sealed area. Before the valve can open, the spring- 
loaded plunger must lift sufficiently to take up the slack between it and the poppet. 


VALVE 
PISTON 


POPPET 









хе 
OMA 
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OUTLET 


SEAT 


Unlike a liquid, high pressure air (or gas) is highly compressed and, on release of restraint, will 
tend to revert instantaneously to its original free air volume, within limits imposed by the nature 
of compressible gas flow. The very high compression ratios which may be present (see Table 111) 


TABLE Ill! — COMPRESSION RATIOS 


Final Pressure 


Compression Ratio 
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indicate the very high energy which may be stored in even 2 small volume of high pressure air, and 
the potential explosive hazard if Suddenly released, Special care and precautions are, therefore, 
necessary with all high pressure systems and appliances. 


Conventional copper piping is generally unsuitable, and nylon tubing quite unsuitable, for high 
pressure lines, All pipework should be of hydraulic quality steel, or preferably stainless steel, for 
pressures in excess of 350 bar (5 000 Ib/in? ). Fittings and couplings must be of compatible design 
and rated for the pressures involved for use with air (gas pressure ratings differ from hydraulic 
pressure ratings, with most types of compression couplings). 

Pressure vessels should be the Safety Gas Pressure type, and free from oil. No pressure vessels, 
eg receivers and gas bottles, should be used unless they have a current test certificate. By law, all 
receivers and gas bottles must be insured, and the insurance company is responsible for carrying 
out the necessary certification tests. 


Oil in any form is not tolerated in a high pressure gas system since its presence can cause 
‘dieseling’ when the gas is introduced. 


Engine Starters 


Compressed air motors used for engine starting are normaly powered from a receiver charged to 
conventional low air pressures. Much higher air pressures are, however, used on starters for marine 
engines, when the receiver pressure may be af the order of 25—35 bar (300—500 Ib/in?). The 
receiver in this case is charged directly by a compressor either from the main engine power take-off, 
or from its own electric motor. А reducing valve is used be ‘ween the receiver and the starter motor 
Dr engine, as necessary. 


Two distinct methods of using the compressed air аге, іл fact, utilized. in the one case, the air 
drives a conventional air motor or rotary actuator working as a starter motor. In the other, com- 
pressed air may be directly injected into a selected number of engine cylinders to achieve rotation 
for starting. In this case higher air Pressures may be used directly. 


Air Blasting 


The 'explosive' nature of highly compressed air is used in air blasters or airbreakers, this technique 
having replaced the use of conventional explosives in coal mines to some extent. The working 
Principle involved is that air at very high pressure (eg circa 850 bar [1 200 Ib/in? ] ) is suddenly 
released in a conventional bored shot hole, the resulting release of stored energy producing first, 
rupture of the coal in the locality, and then further break-up by the expansion of the escaping air 
inta the fissures so formed. The action is not so violent as that produced by explosives, but is 
generally more far reaching. Thus, а greater proportion of|coal 15 dislodged per blast. The amount 
of coal dislodged depends primarily on the thickness of the seam and can vary from three to 
fifteen tons per shot. | 





High pressure air is introduced| into the borehole via a special breaker assembly — eg Fig 2. 
Basically, this consists of a steel shell, sealed at one end by a shear disc inserted between two 
shear rings and retained by a shell head. The shell head also contains the backward facing discharge 
ports. A supply of high pressure аіг|іѕ connected via a reinforced hose to a blasting valve. When this 
valve is opened the pressure in the shell rises until the shear disc ruptures. Air is then free to 
expand through the discharge hs into the bore hole, producing a jet force causing fracture of 
the coal. At the same time, the fact that the ports are backward facing drives the shell further into 
the hold, increasing the effectiveness of the blast. 
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Fig 2 Bursting shell for air blasting coal. 1. 25 in Breaker assembly. 2. Retainer head. 3. Shear ring. 
4. Seal ring. 5. Body. 6. O-ring, 7. Adaptor. 8. O-ring. 9. Tube. 10. Cooling tube. 11. Inlet fitting. 
12. End cap. 13. End guard. 14. Slugs. 

(Olin Mathieson Ltd). 


Air blasters of this type used in mining are generally supplied by multi-stage reciprocating 
compressors, located at some convenient central point. Hose fengths may run to many miles, 
Similar types of air breakers have also been used for blasting concrete and other materials. The 
rupture action is, however, somewhat different in materials having higher ruputure strengths and 
different fracture characteristics. 


Wind Tunnels 


Wind tunnels, designed for working with airstreams of high Mach number, are normally of the 
intermittent type. That is, the high flow velocities required are achieved by a sudden discharge of 
high pressure air from a reservoir. Reservoir storage pressure may be of the order of 210--420 bar 
(3 000—4 000 Ib/in?). Multi-stage compressors are used to produce this charge, the number and 
capacity determined by the charge-up time required. Commonly it may take the compressors 
several hours to charge the reservoir to a pressure level sufficient for a single test lasting a few 
seconds. 


Whilst a relatively simple method of obtaining high air velocities, a basic problem with this 
application of high pressure air is the necessity for the air to be completely dry. The sudden 
expansion of the compressed air causes a severe drop in temperature, which would mean that any 
moisture present in the air would immediately be turned into ice particles, projected through the 
tunnel at high velocities. For similar reasons it is also desirable to remove all traces of oil vapour 
and any solid particles from the air. 
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High Energy Rate Forming 

High pressure air has been used successfully for high energy rate forming of sheet metals, the main 
requirement being that for maximum effectiveness the high pressure air should be applied instan: 
taneously. Again, this is соттоп applied through a bursting disc, although it may be further 
controlled by a quick-opening valve. The method is essentially similar to explosive forming but 
avoids the use (and storage) of potentially unstable materials. 


Air Blast Switchgear 

Compressed air at a pressure of 17 bar (250 Ib/in?) upwards is employed on modern switchgear for 
cooling and extinguishing the arc formed by opening contacts breaking a high voltage circuit. The 
resulting improvement in contact life can be substantial. 


Aquasports and Skin Diving 

Air supply for underwater swimming is provided by lightweight air bottles, charged with air 
pressures up to 210 bar (3 000 b/in?). The purity of the air is very important in such cases. It 
must be oil free and clean. If the|compressor used for charging the bottles is not an oil-free type, it 
must be followed by an oil separator. The air is also filtered before filling the gas bottle, the filter 
often being charged with alumina, or silica gel, and activated charcoal. 

The total quantity of air contained in a charged bottle will be dependent on the temperature, as 
well as the pressure, and so it is an advantage to deliver the air to the cylinder at as low a tempera- 
ture as possible. Rapid filling of the bottle can cause a rise in temperature, and in such cases 
further topping up may be possible when the bottle has cooled down. 








Vacuum Techniques 


VACUUM TECHNOLOGY embraces all systems utilizing a pressure less than that of the 
atmosphere, normal atmospheric pressure being taken as 1.013 bar. The complete vacuum range 
down to the ideal vacuum is split into five classes, viz 


{0 Low vacuum — pressures down to 25 torr 

(i) Medium vacuum — pressure range 25 torr down to 10° torr 
(ii) High vacuum — from 10? down to 10/6 torr 

(iv) Very high vacuum — from 10 down lo 10710 torr 

(v) Ultra high vacuum — less than 10779 torr. 

(See also Fig 1}. 


Fig 1 Classes of vacua. 








VACUUM UP TO 97% 


with maximum reliability at the minimum cost 


Before designing anything which 
involves a vacuum pump or 
compressor itmakes sense to get the 
benefit of the best advice available. 

By involving Lacy- Hulbert right at 
the beginning, you make sure you're 
getting exactly the right equipment 
for your application. That way, you not 
only get the maximum reliability — you 
also get the minimum cost. (Don't 
forget, a too-small pump can cost you 
just as much with its inefficiency as a 
too-big one with its over-specification 
for the job.) 

Lacy-Hulbert have been 
engineering vacuum pumps and 
compressors for over 75 years. And 
during that time they've met – and 
solved — just about every problem 
known to the pneumatics business. 

Shown here are just two items from 
Lacy-Hulbert's wide range of 
equipment. 


Lacy-Hulbert А Series 

The R Series consists of a range of 
rotary sliding-vane type air-compressors 
and vacuum pumps. Maximum operating 
pressures can be up to 1 bar or a vacuum 
of 8096 depending on the model selected. 
Displacements range from 1.5 m? /HR to 
88 m? /HR. Oil-free or drip-lubricated 
versions are available. 


Lacy-Hulbert & Company Ltd 
Richmond Road, Beddington 
Croydon CR9 4EA 
Telephone: 01-680 5226 
Telex: 21598 


Lacy-Hulbert FL Range 
This is a 
range of 
rotary 
sliding-vane 
type vacuum 
pumps 
which are 
flood- 
lubricated 
for high 
performance. Displacements range 

from 17 m? /HR up to 40 Bm? /HR, and 
the maximum vacuum is 97%. The FL 
pumps are designed as self-contained 
vacuum sources with extremely low 
noise-levels. 


m » | 


UK Sales and Service 

The UK is covered by a comprehensive 
organisation of regional sales 

engineers and agents. 

A team of service engineers 
provides a nationwide coverage for 
in-plant servicing and, if required, 
regular routine maintenance visits can be 
made under our Contract Service Scheme. 

International sales and servicing are 
handled by Lacy-Hulbert agents in well 
over 30 countries, including Europe, 
Asia, Australia and the USA. 

For full details of all Lacy-Hulbert 
equipment and facilities, or for expert 
advice on any type of installation, 
contact Lacy-Hulbert at the address 
below. 





Packed with practical, up-to-date, worldwide news, 
information and data, 
NOISE & VIBRATION CONTROL Worldwide 
covers all aspects of this important subject. 
This journal deals with its causes, effects, measurement, and methods of 
control. As legislation іп all countries becomes more stringent, so too does 
the demand for this detailed specialist journal. 


TRADE AND TECHNICAL PRESS LTD., 
CROWN HOUSE, MORDEN, SURREY, SM4 SEW, ENGLAND. 
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The most common use of vacuum in industrial processes is to reduce the boiling point of water 
contained in a product in order to achieve one or more of the following ends: 


(i) to prevent thermal damage to the product when heat is applied to vaporize and 
to effect mass transfer of the water and thus dry the product, 

lii) to speed up the process, and 

liii) то ensure very low residual moisture content in products difficult to dry by other 
means. Examples of this application are distillation, evaporation, vacuum drying 
of liquids and solids and freeze drying processes. 


Vacuum cooling is closely allied to vacuum drying and is a simple mass transfer process which 
results in cooling of the product by the removal of a controlled quantity of moisture. 


Depression of the vaporization point is also the objective of vacuum coating processes in which 
metals and other materials are melted, evaporated and eventually sublimated on prepared sub- 
strates. The high vacuum condition prevents oxidation of the material evaporated at high temper- 
ature. 

Simple removal of atmospheric air and of moisture so that they can be replaced by another gas 
or liquid is the reason for the use of vacuum in impregnation; in filling of capillaries and containers 
with small orifices; in some vacuum investment and die casting processes and in refrigeration, , 
cryogenic and gas filled cooling system evacuation; electric lamp and switch gear evacuation and 
inert gas welding systems. 


In vacuum packaging of food, vacuum is applied to remove atmospheric air and its oxygen from 
the pack so that the contained product will have an increased shelf life, once it is sealed with an 
impervious plastic pack. An important aspect of vacuum packaging for some products is that the 
differential pressure between the exterior and the interior causes the flexible pack material to 
collapse and cling to the product, providing increased structual strength. 


‘Mechanical’ Processes 


Almost as numerous are the various ways in which a low vacuum can be used for mechanical 
handling and similar low-cost automation. Some examples are:- 


High speed paper feeding for printing, processing, etc. 
Vacuum forming of short thermoplastics 
Liquid filling 

Dry powder filling 

Continuous liquid/solid separation 
Mobile materials handling 

Air sampling 

Printing 

Vacuum feeding sheet steel, glass, etc. 
Machine tool chucks and vices 
Miscellaneous applications include: 


Automatic addressing, Assembling, Book binding, Shoe making, Bread wrapping, 
Bottle inspection, Carton opening and feeding, Cigar banding, Collating, Etching, 
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Paper folding, Automatic grinding and polishing, Labelling, Money counting and 
banding, Automatic bread handling, Papermill sheeting, Photo-copying, Ruling, Tag 
handling, Tile cutting, Perforating, X-Y plotting, Punch press feeding, Check sorting, 
Automatic welding, etc, etc. 


Selection of Pumps (see also Fig 2) 


The production of vacuum pressure implies exhaustion of a given vessel by suitable pumping 
action. Certain types of compressors can also work as exhausters, but in general the machines used 
for producing vacuum pressures are known as pumps (vacuum pumps). 





7 А — Displacement pumps 


SS. B Ejectors and diffusion pumps Fig 2 Working range of some types of 
vacuum pumps, (Atlas Copco). 


| C — Molecular pumps 


D ~ Surface pumps (sorption- and eryo-pumps} 


The production of vacuum pressure implies exhaustion of a given vessel by suitable pumping 
action. Certain types of compressors can also work as exhausters, but in general the machines used 
for producing vacuum pressures are known as pumps (vacuum pumps). 


The pump or pump combination is selected an the capacity needed for the range to be covered, 
with due consideration to pump down time and duration of cycle, the latter factors determining 
the most suitable pump size. The latter is usually a straightforward matter in the case of coarse 
vacuums, for the pump size is related solely to the size of the container. In the medium and 
medium-high vacuum range the shape as well as the volume of the container must be taken into 
account, the lower the final pressure, the greater the proportionate effect of the surface area 
factor. Selection of pump capacity in this range tends to become somewhat complicated and is 
normally best based on empirical data. 


In the high and ultra-high vacuum range the pump size required is related almost entirely to 
the size and state of the surface of the container. Thus at pressures below 107 torr there аге more 
adsorbed or absorbed molecules in the system than free gas molecules, The performance of the 
pump must thus ensure that at the required working pressure a rate of evacuation is maintained 
equivalent to the rate at which adsorbed and absorbed gas is emitted from the surfaces of the 
system. This can vary widely with different surfaces, 





VACUUM TECNIQUES 














| 










Vibrator 
ап Hopper 


Core 
tn Platen 

























Container to be Рива 


P 


| 
- 


Paper feeding for data processing, 
Suction Cups Printing presses atc. 
Pickup and Faed 
Vacuum — Ad]. Vac. Vacuum 
On-Off Rollet Valve Gauge 


Valve 





it 











Air Biast 
to Separate 


Saneti Adj. Pres. "TEST 


ват! Valve [= 







Ory powder vacuum filler 


Dry Material 
Spice, Tales, Adj. Yac. Vacuum 
Salt, Etc. Капа? Valve Gauge 





Bag Type 
Vacuum 
Filte 


Filtar pm Ми: 






каксап 
Vacuum Pump 





stic Sheet — Plastic Shell Core box duplicator equipment 
ested an Fastened to Core 


Vacuum Formed 
dear Care Bex and Bached 


Dpen-shut Valve 


up with Plaster 
Adj. Yac. 
Рећи! Valve 


Vacuum 
Tank 





Vacuum Pump 


Vacuum forming plastics 


Vacuum 


Examples of low vacuum application 
(Gast Manufacturing Co Ltd) 


387 





388 


VACUUM TECHNIQUES 


Silk screening printed circuits 







Printed Clrcult 
Squeegee 


edict vers once 











Book page turning machines 


Adj, Var. Vocusa 
Ratiat Valve Gaups 







Oil purifying equipment 
Contaminated 

OM Inlet Adj. Vac. Vacuum 
Reoliet Valve Gauge 






Y ; Масив Pump 
Condensate » у К 










Tight System Evacuated Automatic liquid sampling device 
Cantaines Км Vacuum 
ump and Hose 
Closed Pinched to Saal ML vac. Vacuum 


Кае! ¥alve Cange 


Clock "mm 
ts Trip and Unpiack Hass асист Pump 


Examples of low vacuum application 
(Gast Manufacturing Co Ltd! 





VACUUM TECHNIQUES 389 


Milking machines 
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Example of low vacuum application 
(Gast Manufacturing Co Ltd) 


This condition may be further complicated in practical systems by the fact that processes take 
place within the container being evacuated, whereby vapours are given off — eg in drying, de- 
gassing, distilling, etc. In such cases it is necessary to form an accurate estimate of the amount of 
vapour likely to be released or accumulated during the process so that the pump can be sized 
accordingly, bearing in mind also the nature of the vapour. Where large quantities of vapour have 
to be dealt with it is often necessary to install an efficient condenser system before the pump. 


The working pressure to be produced or maintained in the system thus determines the type of 
pump reguired (or pump combination, where a fore-pump is necessary), and also indicates whether 
the pump size is dependent primarily оп volume or total vacuum surface area. Where additional 
gases or vapours are present as a result of processing, their volume and properties also have to be 
taken into account. Finally the pumping down time has to be considered in arriving at a suitable 
pump size, balanced against the operating characteristics involved — eg whether the system 
exhausts as rapidly as possible down to the working pressure as part of definite work cycles, or 
whether the process is a continuous one with the pumps continuing to operate after pumping 
down to the working pressure. 


See also chapter on Vacuum Pumps. 
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Air Films 


THE USE of an air cushion to reduce friction to a minimal level is well known in applications 
ranging from the floating of one accurately machined or otherwise smooth surface over another 
to the suspension of heavy loads. 

The basic farm of an air suspension unit is shown in Fig 1, together with the corresponding 
pressure distribution diagram. 


Orifice -— P · 


па ааа) 


Pocket Pressure distributlon 


Pressure —= 


Fig 1 


Basically the load bearing capacity of a simple air-lift pad is given by: 


= KP.A. 

where 
W = bearing load 
P = air supply pressure 
A = bearing area 


K is a constant depending mainly on the orifice or orifice pocket dimensions, 
This may approach 0.25 for a simple orifice, but can be increased by suitable 
modification of the orifice pocket and depth controlling the thickness of the 
air film, 


A suitable design and arrangement of air bearing pads can thus provide a complete low-friction 
transport system, either incorporated in the design of the subject (as in hovercraft), or as a fixed 
system over which the subject travels (as in an air slide or air-lift conveyor). 

The air cushion concept developed for vehicle suspension is relatively complex in terms of the 
pneumatics involved since it also involves stability and control as well as generation of direct lift. 
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Significantly, however, the maximum contact pressure developed is very low (eg generally less than 
0.2 bar (4 Ib/in?)) or considerably less than that of a man's footprint (typically 1 bar). Thus а 
large cushion area is needed to suspend the total weight of the vehicle. Also the limit of stability is 
set by two frequencies — the natural frequency corresponding to the static stiffness of the system 
(which depends only on the leakage gap or ‘pendulum’ frequency); and the pseudo acoustic 
frequency (which is related to the ratio of the mass of air to sustained vehicle mass). Analysis 
0f such a system becomes extremely complex, so much so that much of the original design work 
on hovercraft was done on purely empirical lines, 
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sem STRUCTURE ii Fig 2 Structural fluid bearing. 
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Lesser known is the compliant air lift bearing for bearing transport, normally designed to work 
off on conventional compressed air supply of 5—6 bar. This is based on a compliant, inflatable 
diaphragm which, on being inflated, conforms to the shape of the surface it is to support and lifts 
the load until! a controlled air leakage to atmosphere forms a thin air film between the diaphragm 
and the surface — Fig 2. 

Basically, as the diaphragm inflates lift is created and the load rises slightly. The air then flows 
through holes inside the diaphragm, filling the cavity beneath until diaphragm area multiplied by 
air pressure equals the weight of the load. Air then escapes between the diaphragm and the surface 
establishing the thin film of air that enables virtually frictionless movement to take place. Because 
the load is fixed, and the diaphragm is compliant, the air gap remains a constant all the way round 
its periphery. The only friction involved in moving the load is between the molecules of air in the 
air film itself, 
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Air Bubble Techniques 


————— ————————————— 


AIR BUBBLE techniques are based on the ‘bubble barrier’ produced when compressed air is fed 
into a submerged, perforated hose creating a series of bubble plumes rising from the holes. The 
rising bubbles cause a vertical current of air and water to flow to the surface, in turn generating 
a flow of water towards the barrier in the lower layer of water; and flow away from the barrier in 
the upper layer. 


The table describes and illustrates various techniques based on this principle and developed by 
Atlas Copco. 


AIR BUBBLE TECHNIQUES 


| 


Ice-prevention Tha bubble barrier in this case transports warmer 
bottom water to the surface, creating an ice-free 
ares along the barrier, It has been used 


successfully to prevent ice damage in yacht 
marinas, 












Reduction of salt 
intrusion 







Here the bubble barrier stops and reverses the 
intrusion af salt water into flowing fresh 

water, much of which is then carried back out 
to sea by the fresh water stream. This scheme 
is used in several Dutch locks, 
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Underwater 
blasting 


Pneumatic 
breakwater 


Oil-protection 
barriers 


Lake restoration 


. Water conent 


Tha bubble barrier can considerably reduce the 
effect of shock waves when underwater blasting 
by reducing the maximum amplitude of the 
shock wave, fe subduing peak prassures, 

It cannot, however, reduce the total energy of 
the shock wave. 


Provided the generated surface velocity produced 
by the bubble barrier is high enough — ie exceeds 
25% of the propagation velocity of the waves — 
then steep waves will break or be reduced in 
height, High airflow rates are required, This 
system has been used in Japan. 


A bubble barrier can prevent the spread of oil 
slick from an oil spill by the surface velocity 
generated by the barrier. This system has been 
shown to work well in practice, but is still 
subject to further development, 


Basically, in this case, an air bubble generator is 
used to treat polluted lakes by aeration; 

also to promote water circulation in deep lakes. 
Primarily it can offer a solution where the main 
problem is oxygen deficiency. 
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Pneumatic Conveyors 





PNEUMATIC CONVEYANCE of solids via pipelines can pibe broadly classified by the operating 
pressures involved: 
(i) Low pressure systems 
(ii) Medium pressure systems 
(iil) High pressure systems 
Equally, successful transport of solids is directly related to air velocity: a certain minimum 
velocity is necessary to maintain solids in suspension, of i in a fluidized state, in horizontal pipe- 
lines; and on even higher minimum velocity to sustain transport without choking in vertical 
transport. 


























Low Pressure Systems 

In low pressure systems, operating pressures may be as [ом as 1—2 inch water gauge to a maximum 
of about 0.3 bar differential. They are thus largely restricted to the transport of light, bulky 
materials with relatively large surfdce area. 

The differential pressure may be either negative or positive — /e conveying produced by suction 
or blowing, using either an exhauster or fan, respectively (although i in some cases the two methods 
are combined with the material being conveyed pulled directly from one side to the other of the 
fan). The suction method is generally cheaper to install than a blowing system and is also 
particularly adapted to systems where there are to be several pick-up points and one delivery 
point. In this case the pick-up can usually be by hand nazzles. The other basic advantage of the 
vacuum method is that although the concentration ratio with low pressure systems tends to be 
low, suction systems achieve a higher concentration through smaller bore pipes than a blower 
system operating att the same pressure differential and thus reduce the amount of air needed for 
conveying. 

The chief disadvantage of suction systems is that with a low pressure differential capacity is 
limited and the maximum practical length of pipeline is also limited. This is a limitation of all low 
pressure systems, but with blowing the pressure can be increased, if necessary, to achieve higher 
concentrations, Thus blowing systems are usually preferred when the handling rate exceeds 5 tons 
per hour, although this also depends upon the type of material being handled and the conveying 
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requirements. Suction pick-up is an important feature where there are several pick-up points in 
the system, Blowing systems tend to become most economic when there is only one pick-up point 
and several discharge points. 


Maximum suction pressure normally realizable with vacuum systems is of the order of 0.3 bar 
(5 Ib/in?) differential, at which level the system is classified as a medium pressure type. The 
corresponding maximum differential for medium pressure blowing systems is of the order of 1 bar 
(15 Ib/in? ). Medium pressure suction systems are widely used as unloaders from bulk conveyors, 
such as wheat, maize and other similar granular materials. Since such permanently installed 
systems often operate through a considerable vertical lift via swivelling booms they are sometimes 
termed pneumatic elevators. The vertical pipelines may also accommodate telescopic sections to 
suit the rise and fall of the bulk conveyor, eg cargo ships or barges. 


Medium Pressure Systems 

Medium pressure blower systems normally derive their differential pressure from a blower or com- 
pressor (as opposed to a fan, which may be used for a low pressure system), and are sometimes 
described as dense stream conveyors because of their ability to handle heavy materia! loads. Such 
loads include a wide variety of powdered, chipped, granular and pelletized materials and the 
material is invariably conveyed in a ‘fluidized’ state. The quantity of air, and the pressure differen- 
tial required, is dependent on a variety of factors including particle size and shape, bulk density, 
moisture content and the aerodynamic characteristics of the system. Satisfactory solutions are 
normally determined on empirical lines, with power requirements and capacity specifically related 
to the material being handled. 






3 TONNE HOPPER 





GUALOTINE TYPE 
000A —— 


| | SCRAPER CONVEYOR 


Delivery unit for pneumatic transport 
of coal. (National Coal Board). 





ROOTS BLOWEA 





High Pressure Systems 


High pressure systems are invariably of the blower type and work at a pressure differential in 
excess of 1 bar. They are used for the handling of heavier products, including ores, cement, clay, 
bauxite, silica, etc; and even small metal components and similar solid objects. Apart from the fact 
that a high pressure blower is used as the power source (normally a centrifugal blower), the main 
difference between a high pressure system and other systems is normally the method of feeding 
the material into the systern. It is necessary to maintain an adequate pressure seal during feeding, 
this usually being accomplished by means of a blow tank when the pressure differential involved is 
3 bar or greater. 


Basically, a blow tank comprises a sealed vessel into which the material is fed under gravity via 
an inlet valve which is closed at a predetermined level of filling to render the vessel air tight. Com- 
pressed air is fed to the vessel, via a fluidizing "ing or fluidizing chambers ar pads, the fluidized 
material being discharged into the conveyor system through an outlet at a predetermined pressure 
level, Outlets are fitted either to the top or the bottom of the pressure vessel, depending on the 
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| 


| 


characteristics of the material to be conveyed, Feed is accomplished on a cycling basis, /e is inter- 
Y ss | а А " А 

mittent, but where effectively continuous action is required two blow tanks may be employed 

operating on an alternating cycle. 


Feed and Air Losses 

For low pressure systems continuous feed can be provided by suction nozzles in the case of 
suction systems, or from a hopper in the case of blower systems. The hopper may provide un- 
controlled entry of the material, or entry may be controlled by means of a trickle valve or a simple 
rotary valve, 

With medium pressure systems air losses can be minimized by the use of an air lock in the 
feeder system. This can be based on two simple flap valves or two rotary valves with an inter- 
mediate chamber. This provides a semi-continuous feed although the sequence of emptying and 
filling of the air lock can be repeated quite rapidly to give the overall effect of a continuous feed. 
Besides sealing the entry against air losses, semi-continuous feeders of this type also reduce 
abrasive problems when the material being handled is abrasive by nature. 

Except for closed circuit systems, filters are usually an essential part of any pneumatic 
conveyor system. Since the material being handled is conveyed in a ‘fluidized’ state, separation of 
the conveying air and product is achieved at the delivery point when dust, etc, will tend to escape 
with the air. It may be desirable or even obligatory to reduce the amount of dust discharged to the 
atmosphere to a minimum; and in some cases necessary as an economic feature to recover such 
solids as may remain in the discharged air. 


Filters used range from filter bags or sleeves to wet filters, water curtains, cyclone separators 
and electrostatic precipitators. The type chosen is normally directly related to the product being 
handled and the performance required. 


Related Devices 
Related devices, relying on fluidization or suspension are summarized in Table 1. 
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TABLE | — PNEUMATIC HANDLING SYSTEMS 


= ИИ е ____| 


Air-lift pump Injected air mixed with water at the bottom 
of a vertical pipe produces a lower density 
mixture which can be lifted to a considerable 
height. Solid materials less than the diameter 
of the pipe can also be lifted. 


Air slide Air-actuated gravity conveyor, law pressure 
air applied through a porous bottom of the 
slide lifting and suspending the product. 


Pneumatic elevator Compressed air fed into a vertical chamber 
through a fluidizing ring 'floats' the solids 
and lifts them to the top of the column, 
Particularly suitable for handling delicate 


products, 


Fluidizer Device for aerating a solid product thus 
reducing its apparent density by 
fluidization. At a specific air velocity 
the product wil! behave as, and can be 
handled like, a fluid. 


Blender Silo fitted with separate aeration pads 
connect to both low pressure and high 
pressure sir supplies, The low pressure 
supplies flotation of the product. 
Alternate application of high pressure alr 
to the aeration products tumbles and 
blends the contents of the silo. 





Compressed Air for Breathing 





MAXIMUM ACCEPTABLE levels for impurities in breathing air supplied by compressed air 
systems {as given in 854275:1974) are:- 

carbon dioxide 500 ppm (900 mg/m? } 

carbon monoxide 5 ppm (5.5 mg/m? 

oil mist 0.5 mg/m? 

Breathing air must also be free from odours and contamination by dust or metallic particles and 
any other irritating or toxic contaminants. 

Of these, only oil mist is likely to be present in significant concentrations in air delivered from 
oil-lubricated compressors, provided the compressor itself can induct only clean, uncontaminated 
air. Carbon dioxide and carbon monoxide should normally. be absent provided the compressor is 
adequately sized so that it does not overheat. 








Basic one man system Threa man system 


To ane 


mask 
ie Fig t 


In industrial systems the breathing air supply is commonly tapped directly from the main 
airline (Fig 1). This places a premium on correct airline installation, even though the breathing 
air is necessarily separately filtered. Where there are multiple working points demanding breathing 
air supplies it is preferable, however, to install an airline for breathing systems separate from the 
normal airline or working supply line. (Fig 2). 

A combination of filters is required following the take-off point for each breathing airline. The 
first can be a standard airline filter capable of removing solid particles and water. This will substan- 
tially improve the service life of a following high efficiency filter for removing oil mist. Such a 
basic filtering system — normally quite adequate for all industrial applications — does not remove 
odours or gases, hence the importance of the compressor inducting only clean air. 
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Compressed air installation whare personnel are 
engaged in work requiring a breathing air supply 
and pneumatic tool supply 





Ultra high efficiency filters are required for oil mist removal — fe those with an efficiency in 
excess of 99.9%. This will ensure minimal contamination:and also eliminate build-up of oil con- 
tamination in downstream pipelines (which can be considerable over a period with, say, a filter 
having only 9996 efficiency). 

Minimum delivery requirement for breathing air is 4.2 ft? /m (120 lit/min) free air per person, 
with a higher figure being desirable. Pipelines, filters and pressure reducing valves must be sized 
accordingly. Relative humidity of the air should be between 2596 and 80% at atmospheric pressure. 
Acceptable temperature for breathing air is between 15" and 25°С. Humidity requirements largely 
rule out the use of dryers in the system; alternatively a humidifier may be included in the system 
if a dryer is essential for other purposes. Continual breathing of dry air can cause discomfort or 
even respiratory troubles. Certain types of airline lubricators can be used as humidifiers, if neces- 
sary (ie ‘fog’ type lubricators which would then generate only water vapour). Temperature require- 
ments may or may not call for cooling equipment. 


Odours and Toxic Vapours 

If strictly necessary, most odours can be removed by activated charcoal filters, and carbon mon- 
oxide by special absorbent media filters, In both cases such filter elements have a limited effective 
life and need replacement at regular intervals (depending on the concentration of vapours present 
which they have to absorb). The need for this will become obvious with odour-removing filters, 
but not so with carbon monoxide which is odourless, 
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Mode! M4R-201-A2XD 


for one mask. 
Model M4R-301-A2XD 


for two masks 


Norgren breathing air sets. 


Model МВА -661-Ғ2Х0 for four or five masks . 


The likelihood of toxic gases being generated within the system is negligible. When found in 
delivered air, the reason is that the compressor |5 sited in an area where they can be inhaled. The 
possible exception is the PTFE ring compressor which, if overheated, could generate toxic vapours, 
For this reason many authorities specify PTFE ring compressors as unsuitable for providing air for 
breathing. 

Specifically, where toxic gases are suspected or known to be present in the supply from a com- 
pressor, the use of respirators or bottled air supplies should be adopted for breathing. 
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Standards and Publications 


T Cross 
Standard Subject Refarencals) 
BS21:1973 Pipe threads for tubes and fittings whera pressure-tight joints are 150 7 
made on the threads, 
BS143 & 1256: Matteable cast iron and cast copper alloy screwed pipe fittings for 
1968 steam, air, water, gas and oil. 
BS1123:1976 Specification for safety valves, gauges and other safety fittings for 
air receivers and compressed air installations. 
BS1387:1967 Steel tubes and tubulars suitable for screwing to BS21 pipe threads ISO 65 
BS1571: Testing of positive displacement compressors and exhausters. 
Part 1:1975 Acceptance tests. ISO 1217 
Part 2:1975 Simplified acceptance tests for alr compressors and exhausters. 
BS1701:1970 Air filters for air supply to internal combustion engines and 
compressors other than for aircraft, 
851710:1975 Identification of pipelines. 1SO/R 508 
BS1780: Bourdon tube pressure and vacuum gauges 
Part 1:1960 Imperial units. 
Part 2:1971 Metric units, 
BS1965 Butt-welding pipe fittings for pressure purposes, 
851966:1967 Domed ends for tanks and pressure vessels, 
852051: Tube and pipe fittings for engineering purposes. 
851973 Part 1 Copper and copper alloy capillary and compression tube fittings 
for engineering purposes. 
В52779:1973 Pipe threads where pressure-tight joints are not made on the ISO 228 
threads. 
BS2971: Copper and copper alloys. 
Tubes, 
851972 Tubes for general purposes, ISO/R 196 
852917:1977 Specification for graphical symbols used on diagrams for fluid 180 1219 
power systems and components (ISO 1219) CETOP R3 
В53600:1976 Specification for dimensions and masses рег unit length of ISO 336 
welded and seamless steel pipes and tubes for pressure purposes. ISO 84 


150 1179 





Standard 


853641 

Part 1:1971 
Part 3: 
B83828:1969 


85423:1975 
854862:1973 


855118:1975 
BS5169:1975 
BS5242: 

Part 1:1975 
BS5276: 

Part 4:1977 
855319:1976 


855344:1976 


855409 


855500:1976 
В55543:1978 
BS5555:1976 


855600: 
Part 3:1979 


ОАТА 
Subject пе НА 
Symbols for machine tools. 
Ganeral symbols, ISO/R 369 
Additional general symbols. ISO/R 369 
Mathod for sodium flame test for air filters {other than for 
sir supply to i.c. engines апа compressors}. 
Viscosity calssiflcation of industrial liquid lubricants, 150 3448 
Mounting dimensions of single rod double acting pneumatic CETOP RP 43P, 
cylindar, 10 bar RP 51Р, RP 62P, 
АР БЭР, 
Rubber air hose 180 2398 
Fusion-welded steel air receivers. 
Tubes for fluid power cylinder barrels CETOP RP 79P 
Steel tubes with spacially finished bores, 
Pressure vessel details (dimensions) 
Standardized pressure vessels. 
Specification for quick-release vacuum couplings (screwed ISO 286/1 
and clamp type). 
Methods for acceptance tests for rotary and percussive ISO 2787 
Pneumatic tools 
Specification for nylon tubing. 
Fully plastized nylon tubing types 11 and 12 for use 
primarily in pneumatic Installations. 
Unfired fusion welded pressure vessels. 
Vacuum technology — graphical symbols 150 3753 
St units and recommendations for the use of their multiples ISO 1000 
and of certain other units. 
Powder metallurgical material and products. 
Section 3.5 — Determination of bubble test pore size. ISO 4003 


PNEURC?P Publications 


The following publications are printad in English, French and German; publication number 5601 is printed also 
in Itallan, Spanish and Swedish. 


5601 
5602 
5603 
5604 
5605 
6602 


5607 
5608 


Compressor, Classification and Glossary of Technical Terms, 
Pneumatic Tools, Classification and Glossary of Technical Terms. 
Vacuum Pumps, Classification and Glossary of Technical Terms. 
Messurement of Sound from Pneumatic Equipment, 

Flanges and Connections for High Vacuum Equipment, Dimensions, 


Vacuum Pumps, Rules of Acceptance, Part 1 (Oil sealed rotary pumps and Roots pumps). 
(Replaces 5606), 


Vacuum Pumps, Rules of Acceptance, Part И {Vapour Pumps}. 
Vacuum Pumps, Rules of Acceptance, Part 111 (тифотојесијаг Pumps}. 
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5615 Vacuum Pumps, Rules of Acceptance, Part IV (Sputter Jon Pumps). 

– PNEUROP Pamphlets — “Safety іп Operation''. 

= PNEUROP SC 8 Working Group Report on PNEUROP Sound Test Code 
(Background and Experience of its application). 

- Graphical Symbols for Control and Instrument Panels on Rock Drilling Rigs. 


- Vibrations in Pneumatic Hand Held Tools — Investigation on Hand-held Grinding Machines 
— Investigation on Hand-held Percussive Tools 


6603/1980 Compressed Air Dryers — Specification and Testing. 

660420/1981 CAGI/PNEUROP — Recommendation for Performance Statements for Packaged Air Com- 
pressors of Displacement Type. 

6606/1981 Vacuum Flanges and Connexions. Dimensions, 

6607/1980 A simplified method for air volume flow rate by means of circular flow conditions. 


- Test procedure for the measurement of vibration from hand held (portable) power driven 
grinding machines, 


- A comparison of Sound Power Levels from Portable Air Compressors Based Upon Test 
Methodologies Adopted by U.S, EPA and the СЕС. 


The following publications are printed only in English; German editions are in preparation. 


– PNEUROP Committee No.8. Noise Levels of Pneumatic Equipment used on building 
sites, Regulations in Europa and USA relating to such noise. (Issued by BCAS in 1975), 


5611-2 Code of Practice, Reciprocating Compressors for the Process Industry. 
5612-2 Data Sheets for 5611-2, 

5613-2 Code of Practice, Turho Compressors for the Process Industry. 

5614-2 Data Sheets for 5613-2, 

5618-2 Coda of Practice, Screw and Related Compressors for the Process Industry. 
5619-2 Data Sheets for 5618-2, 


CETOP Publications 
The following documents are printed in English, French and German; those marked "(PN)" are joint PNEUROP/ 
CETOP recommendations; documents without the suffix P apply equally to hydraulics, 


R.2 Classification of Fluid Power Terms and Documents, 

RP.4P Pneumatic Cylinders, Suggested data for inclusion as a minimum in Manufacturers' 
Technical Sales Literature. 

RP.5P Specification for Pneumatic Cylinders. 

RP.6P Pipe Couplings for Pneumatic Piping — Coupling Thread, 

RP.7P Pneumatic Cylinders, Recommended minimum relation of port size (thread) to cylinder 
bora. (In part superseded by ISO R.1939). 

Ae hs Recommended data for inclusion in manufacturers’ technical sales literature. 

RP.19P Pneumatic directional control valves. 

RP.20F Pneumatic flow control valves. 

RP.21P Pneumatic pressure control valves. 

АР,22Р Pneumatic shuttle, non-return and quick exhaust valves. 


RP.23P Pneumatic pressure intensifiers, 
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RP.24P 
RP,25P 
RP.26P 
RP,27P 
RP.28P 
RP.29P 
RP.30P 
RP.32P 
RP.33 


amendment 
RP.41 
RP.43P 
RP.49P 
RP.50P 
RP.51P 
RP.52P 
RP.53P 
RP.54P 
RP.57P 


RP.59P 
RP.68 


ВР 


АР,76 
RP79P 
RP.80 
RP.81H 
АР.В2Р 
RP.83P 


ВР ВАР 
RP.B5P 
RP.B9P 
RP.90P 


RP.100 
1976 


RP.101 
RP.102P 
RP.103P 


DATA 


Pneumatic Rectilinear piston type cylinders. 
Pneumatic filters and water traps. 

Lubricators. 

Air Dryers. 

Connections. 

Pneumatic Quick-action couplings. 

Pneumatic Rotating and Telescopic joints. 
Subplates for Pneumatic Directional Contral Valves: 


Graphical Symbols and definitions for operations of logic and related functions in fluid 
logic circuits. | 


Couplings for Industrial Air Hosas — 10 bar. 

Recommended diameters for pneumatic tubes and hoses, (Under revision}. 

Guidance on relation between port threads and pipe hose diameters. (Under revision). 
Hose Couplings, claw Туре. 


Hydraulic and Рлвита с Circults, circuit diagram: 

Pneumatic Cylinders 10 bar, Mounting dimensions {bores 32—100 mm). 

Technological Symbols for Fluld Logic and related devices with and without moving parts. 
Flow capacity value of Pneumatic components, (Under revision). 

Pnaumatic cylindars; Basic data. 

Pneumatic cylinders, Operating conditions and dimensions (bores 8 to 25 mml. 

Pneumatic cylinders, Operating conditions and dimensions (bores 125 to 320 mm). 
Specification for Polyamide Tubing 11 and 2 bar for Pneurnatic Transmissions. 


Pressure Relief Valves — Recommended data for inclusion in manufacturers’ technical 
sales literature. | 


Quick Action Couplings — plug dimansions —10 bar. Supplements Nos. 1 & 2 (1975). 


Identification Code of Ports and Operators of Pneumatic and Hydraulic Control Valves 
and Other Components. (Under review). 

Quantities, Symbols and Units of the International System (SI) to be used for Fluid 
Power. 


Outside Diameters for Tubes in Fluid Power Applications. 

Specification for non-ferrous | pneumatic cylinder tube (ready to usa}, 
Cone Type Connection — 24° — For Fluid Power Tubes and Hoses, 
Compatibility of Hydraulic Fluids with Elastomeric Materials. 

Response Time Characteristics of Pneumatic Directional Control Valves. 


Characteristics of тһе Pressure Medium to ba Supplied to Pneumatic, Fluid Logic and 
Fluidic Devices and Systems. 


| 

Flow Co-efficients of Pneumatic Components. 
Characteristics of Pneumatic Companents 
Clevis for Pneumatic Cylindars, | 

Rod end attachment (spherical) eye. 


Hydraulic and Pneumatic Fluid Power Glossary 


Lexicon of Terms from Hydraulic and Pneumatic Fluid Power Glossary АР.1 СОР. 
Rod end clevis for pneumatic cylinders. 
Rod end bearing for pneumatic cylinders. 
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Publications Pending (1982) 
PNEUROP Compressed Air Dryers, Specification and Testing (3 languages). 
Vacuum Pumps, Classification and Glossary of Technical Terms (7 languages). 


A Simplified Method for Air Volume Flow Rate Measurement by means of 
Circular Arc Venturi Nozzles at Critical Flow Conditions. 


Proposed ANNEXE TO ISO 1217, Displacement Compressor Acceptance Test, 


PNEUROP/ Recommendation for Performance Statements for Packaged Air Compressors 
CAGI of Displacement Type. 


Recommendation for Performance Corrections for Liquid Injected Displacement 
Type Rotary Compressor. 

BCAS Publications 

Guide to the Selection and Installation of Compressed Air Services. 

Buyers’ Guide to Compressed Air Plant and Equipment, 

BCAS Brochure, 

The Principal SI Units ta be used by the Compressed Air Industry. 

А Guide to Compressor Naise Reduction. 





GRAPHICAL SYMBOLS FOR PNEUMATIC SYSTEMS AND COMPONENTS 


THE FOLLOWING symbols are specified in ISO 1219:1976 (E/F). They are virtually identical to 
those specified in BS2917. The |other standard source of reference for Europe, CETOP RP3, 
is superceded by ISO 1219. 


General (Basic and Functional Symbols) 


The symbols for hydraulic and pneumatic equipment and accessories are functional and consist of 
one or more basic symbols and in general of one or more functional symbols. The symbols are 
neither to scale nor in general orientated in any particular direction. 


BASIC SYMBOLS 


Description Apnlication Symbol 


Line: 
— continuous 


— long dashes flaw lines 


— short dashes 


= double Mechanical connections 
(shafts, levers, pistan-rods) 


— long chain thin Enclosure for several components 
{optional use) assembled in one unit 
length of dash 
thickness of line 
space between lines 


Circle, semi-circle Asarule, energy conversion 
units (pump, compressor, motori 


Measuring instruments 


Non-return valve, rotary 
connection, etc 


Mechanical link,|rolier, etc 


Semi-rotary actuator 


Square, rectangla Aa a rula, control valveis) 
except for non-return valves 


Diamond Conditioning apparatus (filter, 
separator, lubricator, heat 
exchanger) 
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СИ a 





Triangle 





— solid 


— in outlina only 


Sloping arrow 





BASIC SYMBOLS 







Flow line connaction 





d d*5E 





E * thickness of line 






Spring 






Restriction: 
— affected by viscosity 






— unaffected by viscosity 






FUNCTIONAL SYMBOLS 


Application 


The direction of flow and the 
nature of the fluid 


Hydraulic flow 

Pneumatic flow or exhaust 
to atmosphere 

Indication of: 

= direction 


— direction of rotation 


— path and direction of flaw 
through valves 


For regulating apparatus as in 
Pressure Control Valves both 
representations with or without 
а tail to the end of the arrow are 
used without distinction. 


As a general rule the lina perpen- 
dicular to the head of the arrow 
indicates that when the arrow 
moves the interior path always 
remains connected to the corras- 
ponding exterior path. 


Indication of tha possibility of 
а regulation or of a progressiva 
variability 
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PUMPS AND COMPRESSORS 


== [=з [зе 


| | 
Pump/motor units Unit with two functions, either 
as pump or as rotary motor 


Fixed capacity pump/ 

motor unit: 

— with reversal of the Functioning as purnp or motor 
direction of flow according to direction of flow 










Fixed capacity 
compressor 





Fixed capacity 

pneumatic motor: 

— with one direction 
of flow 








~ with two directions 
of flow 







Variable capacity 

Pneumatic motor: 

— with one direction 
of flow 












— with two directions 
of flow 











Oscillating motor: 
= hydraulic 





= pneumatic 














— with one single Functioning as pump or motor 
direction of flow without change of direction 
af flow 









— with two directions Functioning as pump or motor 
of ом Hd either direction of flow 








Variable capacity pump/ 
motor unit: 

— with reversal of the 
direction of flow 












— with one single 
direction of flow 








— with two directions 
of flow 
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CYLINDERS 


Single-acting cylinder: Cylinder in which tha fluid 
pressure always acts in опа and 
the same direction (on the 
forward stroka) 












Detailed Simplified 

























— returned by an 
unspacified force 


General symbol when the 
method of return is not 
specified 









— returned by spring 





Double acting cylinder Cylinder in which the fluid 
Pressure operates alternately 
in both directions {forward 


and backward strokes) 












— with single piston rod 






— with double-ended 
piston rod 












Differential cylinder The action is dependent on 
the difference between the 
effective areas on each side of 


the piston 

















Cylinder with cushion: 
— with single fixed 
cushion 







Cylinder incorporating fixed 
cushion acting in one 
direction anty 












— with double fixed 
cushion 





Cylinder with fixed cushion 
acting in both directions 





— with single adjustable 
cushion 








— with double adjustable 
cushion 













Telescopic cylinder: 
— single acting 






The fluid pressure always acts 
in one and the same direction 
lon the forward stroke) 












— double acting The fluid pressure operates 
alternately in both directions 


(forward and backward strokes) 









412 


— for ona type of fluid 
— for two types of fluid 


Air-oil actuator 


Mathod of representation 
of valves 


One single square 


Two or more squares 


Simplified symbol for 
valves in cases of 
multiple repetition 


PRESSURE INTENSIFIERS 


Remarks 


| Detailed 
ва a pneumatic pressure x is = 
transformed into a higher 

pneumatic pressure y 


| 


ea a pneumatic pressure x is 
transformed into a higher 
hydraulic pressura y 


‘Equipment transforming a 
pneumatic pressure into a 
substantially equal hydraulic 


| E 
pressura or vica versa 


|Маде up of one or more 
squares and arrows 


In circuit diagrams hydraul'c 
jand pneumatic units are 
inormally shown in the 
unopersted condition 


| Indicates unit for controlling 
flow or pressure, having in 
operation вп infinite number of 
possible positions between its 
епа positions so as to vary the 
‘conditions of flowf&cross one or 
\тпога or its ports, thus ensuring 
ithe chosen pressure and/or flow 
with regard to the operating 

| conditions of the circuit | 





| Indicate a directional control valve 
having as many distinct Positions 
| 25 there are squares. The pipe 
‘connections are normally 
represented as connected to the 

| box representing the unoperated 
condition. The operating 

| positions are deduced by 
imagining the boxes to be 

| displaced so that the pipe 
connections correspond with 

| the ports of the box in question 


| The number refers to a note 
| оп the diagram in which the 
| symbol for the valve is given in full 





Simplified 
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DIRECTIONAL CONTROL VALVES 


Flow paths: Square containing interior lines 
= one flow path 


— two clased ports 
— two flow paths 


— two flow paths and 
one closed port 


— two flow paths with 
erass connection 


— one flow path ina 
by-pass position, two 
closed ports 


Non-throttling The unit provides distinct circuit 
directional control conditions each depicted by a 
valve square 


Basic symbol for 2-position 
directional control valve 


Basic symbol for 3-position 
directional control valve 


A transitory but significant 
condition between two 
distinct positions is optionally 
represented by a square with 
dashed ends 


A basic symbol for a 

directional cohtrol valve with 
two distinct positions and one 
transitory intermediate condition 


Designation: 


The first figure in the 
designation shows the 
number of ports 
{excluding pilot ports) 
and the second figure 
the number of distinct 
positions 





cont. sse 
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DIRECTIONAL CONTROL VALVES Icontd.} 


йш NAT НИ И шг 


Directional control valve with 
2 parts and 2 distinct positions 











Directional control 
valve 2/2: 


— with manual control 






— controlled by pressura 
operating against a 
return spring leg on 
air unloading valve) 






| 
Directional control valve with 
3 ports and 2 distinct positions 






Directional control 
valve 3/2: 


— controlled by pressure 
in both directions 



































| UN 


Ge x 





— controlled by solenaid 
with return spring 


Wi 






dui 







Directional control Detailed 


valve 4/2: 


— controlled by pressure 
in both directions by 

means of a pilot valve 
(with a single solenoid 
and spring return} 


t 
Directional control valve with 
4-ports and 2 distinct positions 














Directional control 
valve 5/2: 


— controlled by pressure 
in both directions 


1 
Directional control valve with 
5 ports and 2 distinct positions 






The unit has 2 extreme posigians 
and an infinite number of inter- 
mediate conditions with varying 
degrees of throttling | 

All the symbols have paralle 
lines along the length of the 
boxes. 


Throttling directional 
control 





Shawir* tha extreme positions 








Showing the extreme positions 
and a central (neutral) position 


cont.......... 
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DIRECTIONAL CONTROL VALVES (contd.] 


eme [rmm [cmm] 


Throttling directional 
control {contd.) 













= with 2 ports (опе 
throttling orifice) 


For example: Tracer valve 
plunger oparated against a 
return spring 



















— with 3 ports (two 
throttling orifices) 


For example: Directional 
control valve controlled by 
pressure against a return spring 











— with 4 ports (four 
throttling orifices} 


For example: Tracer valve, 
plunger operated against a 
return spring 
























Electro-hydraulic servo 
valve: 

Electro-pneumatic servo 
valve: 


A unit which accepts an 
analogue electrical signal and 
provides a similar analogue 
fluid power output 






— single stage — with direct operation 








— two stage with 
mechanical feedback 


— with indirect pilot operation 










— two stage with — with indirect pilot operation 


hydraulic feedback 








NON-RETURN VALVES, SHUTTLE VALVE, RAPID EXHAUST VALVE 
Description Remarks 


Non-return valve: 


-- free Opens if the intet pressure is 
higher than the outlet pressure 


— spring loaded Opens if the inlet pressure is 
greater than the outlet pressure 
plus the spring pressure 


- pilot controlled ith pilot control it is possibla 
to prevent: 
— closing of the valve 


— opening of the valve 


— with restriction Unit allowing free flow in опа. 
direction but restricted flow 
in the other 


The inlet port connected to the 
higher pressure is automatically 
connected to the outlet port 
while the other inlet port is closed 


А | 
Rapid exhaust valve When the inlet port is unload 
the outlet port is freely exhausted 





PRESSU RE CONTROL VALVES 


Pressure control valve: 
— 1 thrattling orifice 
normally closed 


— 1 throttling orifice 
normally opan 


— 2 throttling arifices, 
normally closed 


Pressure reliaf valve Inlet pressure is controlled by 

{safety valve): opening the exhaust port to the 
reservoir or to atmosphere 
against an opposing force (for 
example a spring} 


— with remate pilot The pressura at tha inlet port 5 
control limited, or to that corresponding 
to| the setting of a pilot control 
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PRESSURE CONTROL VALVES (cantd.) 


Proportional pressura 
relief 









Inlet pressure is limited to a value 
proportional to the pilot pressure 







Sequence valve When tha inlet pressure overcomes 
the opposing force of the spring, 
the valve opens permitting flow 


from the outlet port 





















Pressura regulator or 
reducing valve (reducer 
of pressure}: 


A unit which, with a variable 
inlet pressure, gives substantially 
constant output pressure 
Provided that the inlet pressure 
remains higher than the required 
outlet pressure 









— without relief port 






— without relief port 
with remote control 





Outlet pressure is dependent on 
the control pressure 







— with relief port 






— with relief port, 
with remote control 





Outlet pressure is dependent on 
the control pressura 

















Differential pressure 
regulator 


The outlet pressura is reduced 
by a fixed amount with respact 
to the inlet pressure 


















Proportional pressure 
regulator 


The outlet pressure is reduced 
by a fixed ratio with respect to 
the inlet pressure 
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FLOW CONTROL VALVES 


^ | 1 
Throttle valve: Bimplified symbol (Doas not 
indicate the cantrol method or 
the state of the valve} 


- with manual control Detailed symbol {indicates the 
control method ог the state af 
the valva} 


— with mechanical 
control against a 
return spring 
(braking valve} 


l 
Flow control valve: Variations in inlet pressure do 
not affect the rate of flow 


— with fixed output 


— with fixed output With relief for excess flow 
and relief port to 
reservoir 


— with variable output 


— with variable output With relief for excess flow 
and relief port ta 
reservoir 


Flow dividing valve Тһе flow is divided into iwa 
flows in a fixed ratio substan- 
tially independent of pressure 
variations 


Shut-off valve Simplifiad symbol | 
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SOURCES OF ENERGY 


Description Remarks 


pM 


Hydraulic pressure 
source 
Symbols to be used when the 
nature of the source should 
Pneumatic pressure be indicated 
source 


Electric motor Symbol 113 in IEC 
Publication 117.2 


Heat engine 
Flow lines and 


connections 


Flaw line: 


— working line, return 
line and feed line 


— pilot control line 


— drain or bleed line 


— flexible pipe Flexible hose, usually 
connecting moving parts 


— electric line 


Hao a И 
КСЕ НА 
Air bleed 


Exhaust port: 

— plain with no 
provision for 
connection 

— threaded for 
connection 





соп.......... 
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|SOURCES ОР ENERGY (contd) 


Power take-off: On equipment or lines, for 
energy take-off or measurement 


— plugged 


— with take-off line 


Quick-acting coupling: 


~ connected, without 
mechanically opened 
non-return valve 


— connected, with 
mechanically opened 
non-return valvas 


— uncoupled, with 
open end 


— uncoupled, closed by 
free non-return valve 


- у й , 5 | 
Rotary connection: Line junction allowing angular 
movement in service 


— one way 


— three way 
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RESERVOIRS 


зше [== ү е | 


Reservoir open ta 
atmosphere: 







— with inlet pipe above 
fluid level 








— with inlet pipe below 
fluid level 









— with а headar fine 


Pressurized reservoir 


Filter or strainer 


Water trap: 
— with manual control 


The fluid is maintained under 
pressure by a spring, weight 
or compressed gas (air, 
nitrogen, atc) 


















— automatically drainad 






Filter with water trap: 
= with manual control 






— automatically drainad 









A unit drying air (for example 
by chemical means] 
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RESERVOIRS (contd.) 


СИ C е 


Eum 


ded to the air passing 
Conditioning unit 

















through tha unit, in order to 
tubricate equipment 
receiving the air 





Consisting of filter, pressure 
regulator, pressure gauge 
and lubricator 











= Detailed symbol 


— Simplified symbol 








Apparatus for heating or 
cooling the circulating fluid 


Temperature controller he fluid temperature is | 
maintained between two pre- 
determined values. The 
arrows indicate that heat 
may be either introduced or 


dissipated 








The arrows in tha diamond 
indicate the extraction of 
heat 













Cooler 


— without representation of 
| the flow lines of the 
coolant 


— indicating the flow lines 
of the coolant 







The arrows in the diamond 
indicate the introduction 
of heat 
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CONTROL MECHANISMS 


Rotating shaft: The arrow indicates rotation 


— in one direction 


— in either direction 


Detent А device for maintaining а 
given position 


Locking device *The symbol for unlocking 
control is inserted in the 
square 


QOver-centre device Prevents the mechanism 
stopping in a dead centre 
position 


Pivoting devices: 


— simple 


— with traversing lever 


— with fixed fulcrum 





424 DATA 


CONTROL METHODS 


General symbol (without 
Indication of control typel 









Description 






Muscular control: 








— by push button 












— by fever 







— by реда! 






Mechanical control: 


— by plunger or tracer 







— by spring 









— by roller 





— by roller, operating 
in one direction only 







Electrical control: 





- by solenoid — with 1 winding 











= with 2 windings 
operating in opposite 
directions 











~ with 2 windings 
operating in a variable 
way progressively, 
oparating in opposite 
directions 











— by electric motor 





Control by application 
or release of pressure 






Direct acting control: 






— by application of 
pressure 






i |. 
Ps 





cont........ m 
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CONTROL METHODS {eontd.} 


— by release of pressure 


— by different control In the symbol the larger 
areas rectangle represents the larger 
control area, ie the priority 
phase 


Indirect control, General symbol for pilot 
pilot actuated: directional control valve 


— by application of 
pressure 


— by release of 
pressura 


Interior control paths The control paths are inside 
the unit 


Combined control: 


— by solenoid and pilot The pilot directional valve is 
directional valve actuated by the solenoid 


— by solenoid or pilot Either may actuate the 
directional valva contral independently 


Mechanical feadback The mechanical connection 
of a contro! apparatus 
moving part to a controlled 
apparatus moving part is 
represented by the symbol 
which joins the two parts 
connected 


2) 


1} Controlled apparatus 
2) Control apparatus 
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SUPPLEMENTARY EQU MENT: 


Pressure measurement: 


— pressure gauge The point on the circle at which 
the connection loins the 
symbol is immaterial 


Temperature 
measurement: 


—Thermometer The point on tha circle at which 
the connection Joins the 
symbol is immaterial 


Measurement of flow: 


— Flow meter 


— Integrating flow 
meter 


Other apparatus 


Pressure electric switch 
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VDMA SYMBOLS 


VDMA symbols for valve actuation are shown below. This graphic system was originated by the 
Organisation of German Machine Manufacturing Industry specifically for hydraulic valves, but has 
been widely used in Europe for pneumatic as well as hydraulic components. 


Actuation Method Symbol Examples 


Hand lever Direct actuated 
hand volve 


Push Button Direct actucted push-bution 
{spring retum} 


Treudle Direct ocluated foot valve 
(spring reium} 


Cam Follower а Iw Cam valve 
tii 


Air or Fluid E: | | МА 3-position, 
Actuator АНУ оҥ otivated valve 
Solenoid (direct) 
actuated valve 
The asterisk in the first box refers to 
Other Method а footnote. For example, this fobr- 
note would soy "photo electric cell” 


Indirect actuation ај Solenoid actuated, 
{basic symbol) STE]! IX pilot operated valve 


Auxiliary Terms 


Foot actucted valve 
with spring return 
A Adjustable 
Adjustment spring load 





la A A Direct operated hand valve, 
" T spring returned with detent 
The aslerisk means о footnote 
Ratchet (Fowl) will explain the ratchet. 
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JIC GRAPHICAL SYMBOLS 


The Joint Industry Conference (JIC) graphical pneumatic symbols are widely used by the 
American pneumatic industry {and also elsewhere). The system is based on graphic symbols 
emphasizing both the function of a component and its construction. 

The basic symbols are divided into three main categories — supply, control and work element. 
The basic valve symbol consists of one or more square envelopes, with lines to show flow direction 
between ports. Direction of flow paths is indicated by arrows. The valve is drawn to show normal 
or neutral position. А single dud symbol is used for valves with only one flow path. Multiple 
envelopes are used where there is more than one flow path. Envelopes move to show how flow 
paths change when the valve elements are shifted to various positions. 

Actuation method is indicated |in a small rectangular box attached to the end of the envelope 
opposite the flow side. When therd are two actuators, one box is shown at each end. 

External air lines are designated by solid lines. Crossover of air lines is represented by a half 
circle, Pilot lines are shown by dashed lines. 


VALVES 





| 
Урма, Check 


MISCELLANEOUS UNITS 


Motor, Drive, Electric 
Valve, Basic 
Model No. for Special 
Volves 
Method of Indicating 
internoi Flow 


Lubricator 


Intemifier 


VALVE EXAMPLES 


Valve, Manuol Shut O8 


Accumulator 


Valve, Maximum Pressure 
Valve, Relief Remotely 
Operated 


Valve, Sequence Directly 
Operated 


ане, Pressure Regulator 


Volve, Flow Control Pressure 
Compeniated 


Volve, Shu! ОВ 2 Раз. — 


2 Conneclion 


Shaft, Rotating (Arrow, Front 
of Shaft) 


ry 
1 і 
Component Enclosure ‘ 


T M 


Valve, Directional 2 Pos. — 
3 Connection 


т Su 
ub d 2 Pos. || | A 


"d Connection Clored Семе, Ш 


Aftercooler) 


Muffler, Exhoust 
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LINES 
Line, Working 


іп 
Connector [Dot to be 3 x width . 
of Associated Line} 


Direction of Flow — J 
line, Joining (Tee Cross, ete.) | 
[Dot to be 3 x w] 


x 
Testing Station X 
(Gauge Connection) © 


о 


Restriction, Fixed LN 


MOTORS AND CYLINDERS 
Molor, Rotory Fixed 
Displacement 


Motor, Rotary Variable (х) 
Displacement 



















Line, Passing 
















Plug or Plugged Connection 











| 


( 










Motor, Oscillating 


Cylinder, Single Acting 
Plunger Type 





Piston Type 






Cylinder, Double Acting 
Single End Rod 








Double End Rod 


Cylinder, Rotating, Air 









COMPRESSORS 
Compressor, Single Fixed 
Displacement 
Compressor, Single Variable e | 


Displacement 
METHODS OF OPERATION 


















Control, Basic Symbol 


Control, Centrifugal [==] 
Control, Compensator 
me 
Control, Compensator Pressure 
Control, Сотрепзсіог E: 
i [4 
Control, Cylinder Ce] 


Control, Detent 









Control, Manual 


Control, Mechonical 





ЕЕ 


Control, Motor Electric 


Control, Motor Alr Ja 


Control, Pilot Hydraulic 


E 






Control, Pilot Air 


Control, Solenoid 

Control, Solenoid Hyd. Pilot [2%]. 
Operated 

Control, Solenoid Air Pilot DE] 
Operated 

Control, Thermal [ung 


Control, Pilot Hyd. Differential 


Área 


E iE, 









E 
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CETOP RECOMMENDATIONS FOR CIRCUIT DIAGRAMS 


The following rules and recommendations are extracted from CETOP Provisional Recommenda- 
tions RP41 — Hydraulic and Pneumatic Systems Circuit Diagrams — published by the Comite 
Europeen des Transmissions Oleohydrauliques et Pneumatiques. 

The purpose of RP41 is to facilitate the design, construction, description and maintenance of 
fluid power systems by aiding communication оа uniform presentation and by preventing 
confusion. The recommendation is based on the applicable ISO standards and CETOP recom- 
mendations. It is not necessary for a circuit diagram to incorporate all the requirements listed but 
anything which is shown must be in accordance with the appropriate sections of the document. 
The recommendation is generally applicable to the representation of all fluid power systerns. 


Design of Circuit Diagrams 
The circuit diagram must show fluid circulation for all the control and motion functions. All 
hydraulic and pneumatic components and flow line junctions in the plant will be represented 
functionally. In addition all control components that affect the operational pracesses of the fluid 
power system will be shown. 

The circuit diagram need not be constructed with reference to the physical arrangement of the 
equipment in the system. Interdependent circuits should be shown on one diagram. For electro- 
hydraulic or electro-pneumatic controls the circuit diagram will, however, be divided into one 
hydraulic or pneumatic circuit diagram and, if necessary} a separate electrical circuit. 

The following circuit diagram formats should be used:— 

ISO-A-Format (ISO Recommendation А216) 
Length: preferably 297 mm 
exceptionally 420 or 594 mm 
Width: — up to 1189 mm 
Diagrams will be folded to ISO A4 format with binding margin (except for 
diagrams for reproduction). 






The layout of the circuit diagram must be clear. Care should be taken to see that the circuit 
paths are easily followed. Pneumatic circuits should be drawn if possible in the sequence of the 
operational process of function. The components of the individual control chains and groups 
should be drawn wherever possible in the direction of energy flow. 


Cylinders and directional control valves should preferably be shown horizontally. Fluid lines 
should be represented wherever possible by straight lines and without intersections. 

The location of control components such as sequence switch cams and simple cams, etc should 
be indicated. if a signalling element is to be actuated by a one way trip, then the actuating 
direction will he indicated by an arrow. In the case of electro-hydraulic and electro-pneumatic 
contro! systems, signalling and final control elements such as limit switches and electromagnetic 
valves will be shown in both сен diagrams. 

Individual sub-circuits may be identified. The function of each operating element should be 
indicated beside it (eg clamping, lifting, etc). Where necessary for better understanding a function 
chart can be drawn up. 
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Components should be represented by symbols in accordance with the applicable standards, 
eg ISO R1219 for fluid power equipment. Where no symbols exist, the operation of the part 
should be clearly shown, eg by means of a simplified sectional representation or the like. 


Symbols that are repeated in the diagram can be represented by a numbered rectangle and the 
corresponding symbols shown separately. 


Data to go on Circuit Diagram 


Every component must be clearly identified, eg by item number. Components in a given sub-circuit 
may be given a common prime identification plus a running sub-number, eg sub-circuit 2 com- 
ponent 3 = 2.3. 


Component Operating Positions 


In the case of valves with discrete switching positions these positions may be identified by letters, 
the letter 'O' being used only for the spring returned position (eg springloaded valves). 


Identification of Ports 


Ports will be identified on the circuit diagram by the characters marked on the components or the 
connection plate. This applies to individual components and sub-assemblies. 


Identification of Oil or Air Lines 


The pipelines are to be drawn according to their function in line with ISO Recommendations 
150 R1219 (5.2.1). 


In cases where hydraulic and pneumatic circuits are represented on one diagram they should be 
differentiated in accordance with ISO R1219. 


Should it be necessary to identify the pipelines more precisely than in ISO R1219, the follow- 
ing code applies:— 





full line pressure line 

dashed fine 1 1 —-——-—-—-—-—--—--- pilot control Jine 
short dotted line = = 8 = ------+---+--------- drain or bleed line 
full line with short cross lines -H-H-H-H--H-H-H4HHH- return or exhaust lina 
full line with crosses Зеу уније replenishing line 

full line with arrows Ега === = ритр inlet line 


If pipelines are identified by colour, the following colour code should be used:— 


red line pressure line 

red dashed line pilot control line 
blue line return or exhaust line 
blue dashed line drain or bleed line 
green line replenishing line 
yellow line pump inlet line 


Any deviations from the above or additional colours should be explained on the circuit diagram. 
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The following technical data should be given beside each individual component or on a com- 
ponent list. 

For reservoirs, give the volume represented by the maximum quantity of fluid in the system 
and, if required, the minimum MR the latter figure. indicating the point at which replenish- 
ment is necessary. Show also the type and viscosity grade of the fluid. For pneumatic reservoirs 
indicate the volume. 

For constant delivery pumps, indicate nominal delivery rate for the application and, for variable 
delivery pumps, minimum and maximum delivery rate. In both cases show speed of rotation and 
nominal power of the prime movers. For prime movers indicate nominal power at stated speed and 
speed range if applicable. For pressure valves and pressure switches, show pressure setting or 
permissible pressure range for the system. 

For cylinders, the internal diameter of cylinder, the diameter of piston rod, maximum stroke in 
mm, eg 100/50 x 500, and if necessary speed and force should be given. For each cylinder, 
describe the function, eg clamping, lifting, transverse feed etc. For telescopic cylinders this 
information should be given for each stage. Where necessary the circuit should be supplemented by 
a stroke-time diagram showing the speed. 

For semi rotary actuators show torque in relation to pressure, if necessary in each direction, the 
angular movement, the speed and the function. 

For fixed displacement motors, the nominal capacity and, for variable displacement motors, the 
maximum capacity per Зу should be indicated. For both give the torque in relation to 
pressure for the application, speed range, direction of rotation and function. 

For gas loaded hydraulic accuraulators indicate the precharge pressure, type of gas, effective gas 
volume, working pressure range and corresponding draw off capacity, See RP62 H when available. 

For pipes, give the external diameter in millimetres, wall thickness in millimetres and pipe 
material if necessary. For flexible hose, indicate the nominal diameter and type. 

For delaying devices the time delay in seconds or range of adjustment should be shown. Any 
temporary connection ports such as bleed and test points should be identified by size, type and as 
marked on component. 

For filters give the nominal filtration rating, flow rate and nominal pressure. 
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STANDARD ELECTRICAL SYMBOLS 
(Based on IEC Publication 117.2) 


| 


conduit, multi-core line 
direct current (D.C.) 


alternating current (A.C.) 


electric motor 


three-phase transformer 


Switch 


two-way switch with interrup- 


tion 
earth connection T Ie push button switch 
wex— x lingine B d switch, manually-operated 
branching i А 
-- 0 switch, ејестотадпе са у- 


<> фФ—- |+ = 


crossing point without electric 
connection 


fuse, the side under tension is 
marked 


Socket-contact 


operated 
switch, thermally-operated 
pressure switch with contact 


closing when the pressure ex- 
ceeds a pre-set value 


contact pin 

- a) electromagnetic operation 
pilot lamp 
diode = --«h thermal operation 


three-phase delta connection 
(D-connection) 


three-phase star connection 
(Y-connection) 


one-coil relay 


one-coil relay with two-way 
switch with interruption 








SECTION 7 



















OIL PREE 
DIAPHRAGM PUMPS POR AIR +GAS 
PRESSURE OR VACUUM APPLICATIONS 


QUIET IN OPERATION 









SMALL PHYSICAL SIZE 






CORROSION RESISTANT 
MODELS AVAILABLE 







EASY TO SERVICE 






A CHOICE OF 7 DIFFERENT 
MODELS 





CAPEX 2D & 2DC 











100 ROYSTON ROAD, BYFLEET 


WEYBRIDGE, SURREY KT14 7PB. 
TEL: 09323 43224 TELEX: 928368 


HIGH PRESSURE AIR 
YOU CAN RELY ON. 


| Pressures up to 414 bar and outputs up 
to 8. 6 litre/sec - Oil carryover less than 
lppmW with water down to 0.007me/litre. 
Bristol four stage airflow-cooled compressors 
and purification systems offer you all this with 
proven reliability in worldwide climatic 
conditions. 

Our range also includes compressors up 
to 69 bar and 11 litre/sec and workshop sets 
up | 13 bar and 19 litre/sec, 


BRISTOL a 


BK BRITISH MADE” 
Bristol Pneumatic Ltd., Lodge Causeway, Bristol BS16 3JS. Tel: 0272 657511 Telex: 44641. 
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Survey of Compressors 





Charles Austen Pumps Ltd 


The company's products include a range of ‘oit free’ diaphragm pumps for flow rates from 0 to 
70 lit/min, pressure from 0 to 4 kg/cm? , or vacuum of 0 to 750 mm Hg. These pumps are used 
extensively to sample air and gas for process control instruments. Diaphragm liquid pumps capable 
of 50 to 800 cm? /min and centrifugal liquid pumps covering flow rates up to 1 600 lit/hr are also 
available. 


OIL FREE DIAPHRAGM PUMPS FOR AIR AND GAS, PRESSURE OR VACUUM 


Motor 
Free Consumption 
Langth Weight | Flow Vacuum | Pressure| Standard | in Amps 
mm kg путна. | mmHg | kg/em? {Std.Pumps) 


0.25 (6 v) 
0.020 
0.25 

0.25 

0,45 

2.20 (12 v] 
0.24 

0.24 

30 127 
0.25 

0.25 

0.3 

0.3 

4.5 (12 v) 
1.0 

1.0 

1.0 

1.0 

0.4 

1.0 

1.0 


L11 

Li2 

DA1 SE 
DA1 DE 
DA4 
DYMAX 1 
DYMAX 2 


M361 
M361C 
M371 
Fes DE 
FBS5DEC 
F85 DEP 
F85 DER 
885 SE 


G 
E 
J 

J 

J 

A 
Br 
в 
А 
B 
B 
Cc 
C 
F 
D 
D 
D 
D 
H 

D 
с 
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Model F85 DE 
(Charles Austen Pumps Ltd} 





Bristol Pneumatic Ltd 
Details of all models produced are summarized in the following tables. 


TRACTOR MOUNTING s alus 


Displacement FAD Max Pressure Speed 
Model = fi?/min m/min ft/min — m?/min S i bar rev/min Mounting 


TD140 Ford tractor 


1H145 International 
Harvester tractor 


MF 140 А Massey Ferguson 
tractor 


3PL140 А Universal mounting 


Displacement FAD Max Pressure Motor Air Receiver 
ft? [min m" /min ft/min — m? тип Ib/in? bar kW ft gals litres 


307/KL6 
307/K10 
307/815 
307/820 
307/030 
307/040 
309/KL6 
309/K10 
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Bristol model BP18 
charging set. 





HIGH PRESSURE COMPRESSORS 


Displacement FAD Max Pressure 
fi3/min m? /min ft? /min m? /min Ib/in? har 
308/KL6H 
308/A11H 
308/C18H 
308/BM3S16 
308/BM3820 
308/8м3524 
BP2.4-40 
BP2.4-45 
BP5-40 
BP5-50 
BP12-40 
BP12-50 
BP18-40 
BP18-50 





BroomWade (CompAir Industrial Limited) 

The BroomWade brand includes reciprocating and screw compressors ranging from % horsepower 
portable units to two-stage reciprocating machines af over 300 horsepower, 

2000 Series compressors are designed for smaller compressed air needs and are portable units 


mounted on a horizontal receiver. The extensive range offers capacities from 1,2—40 lit/sec 
(2.6—85 ft? /min) and working pressures from 5.2—13.8 bar (75—200 Ib/in? ). 
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BroomWade 2000 series compressor. 





BroomiWade 600 series 
compressor, 





SroomWade УМА 1000 


6000 Series rotary screw compressors are of the oil-injected type and are produced in open or 
completely packaged form in an acoustically insulated enclosure including an instrument panel 
with comprehensive controls, instrumentation and fault indication. Smaller machines are air 
cooled, and the larger machines water-cooled. Capacities range from 35—700 lit/sec (75—148 
ft? /min}, with working pressures from 7—10 bar. 


V-form reciprocating compressors are produced in various ranges — V-Major, V-Compact and 
V-Master — in both lubricated and oil-free forms. All feature extremely fine balancing. 

The V-Compact range offers capacities from 37—299 lit/sec (78.5—634 ft? /min) and pressures 
from 1.5—10.5 bar (depending on number of stages. 

V-Major compressors offer capacities from 225—1 530 lit/sec and pressures up to 20.5 bar (two- 
stage machines). 

V-Master compressors cover capacities from 128—304 m? /hr (76—180 ft? /min), and working 
pressures from 10—350 bar. 
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Bryan Donkin Co Ltd 


The Bryan Donkin range of reciprocating and turbo compressors encompasses single- and 
muiti-stage machines suitable for a wide range of applications, 

The reciprocating machines, including both vertical and horizontal opposed designs, in oil 
free, mini-lube and iubricated forms offer capacities up to 26 700 Nm? /h, (10° scfh) and pressures 
up to 492 bar (7000 Ib/in?) in 1, 2, 4 and 6 throw crank configurations. These high pressure 
machines lend themselves well to high pressure gas storage systems and numerous applications 
in the chemical, petro-chemical and process industries. 

Bryan Donkin manufacture a comprehensive range of single-stage centrifugal SD and SG type 
blowers suitable for a wide variety of applications such as pneumatic conveying, sewage aeration 
and any industrial process where large volumes of air need to be handled at medium pressure 
viz. Volume flows up to 20 m? /ѕес (42000 scfm) with 700 mbar (10 Ibf/in? ) pressure rise. One 
of the features of this range of machines is that inlet quide vane control can be fitted as standard 
to provide volume flow control with a constant speed motor without recourse to a variable speed 
prime mover. This type of control provides facilities for manual or most forms of automatic 
control to deal efficiently and economically with variations in throughput or discharge pressure. 

The Bryan Donkin Mk II Roots type compressor/exhauster is an improved range of positive 
displacement machines. Operation is both simple and effective, two rotors mounted on parallel 
shafts within a casing rotate in opposite directions through a pair of timing gears. The profile 
and machine finish of the rotors is such that accurate clearance is maintained between the two, 
and between the rotors and casing. The Mk II Roots type blowers are designed to give a pressure 
rise of 1.03 bar from atmosphere on all sizes of machine with a capacity range of 0.28 m? /s, 
to 9.5 m? /s, (592 scfm to 18000 scfm). 

As an exhauster vacuums up to 380 mm Hg can be achieved under normal dry operation and 
560 mm Hg with water injection to the inlet side. 

These machines are suitable for sewage aeration, pneumatic handling, furnace air blowing, 
gas boosting, coke oven gas exhausting, steam boosting and circulation for de-salination plant 
and vacuum pump applications. 


CompAir Industrial Ltd 

CompAir Industrial are the largest UK manufacturers of compressed air equipment, group 
products including BroomWade stationary and portable compressors; Aeave// high and low 
pressure stationary compressors; Holman portable compressors; Hydrovane portable and stationary 
compressors; and Kelfogg-American stationary compressors. For details, see under individual com- 
pany names. 
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Consolidated Pneumatic Tool Co Ltd. 


Details of the range of single screw 'CP' portable compressors manufactured by this company are 
as follows: 


speed rev/min 
capacity ft? /min 

m" /min 
normal 


working Ib/in? 100 
pressura Баг 


maximum 5 
working Ib/in 125 


pressure bar А 8.5 


maximum | 
operational „ 125 


ambient С 52 
engine 6M3/53T 
Perkins Perkins 
4.236 4.236 


noise level 
{silenced modal} 74 74 
dB(A) @ 7M | 





The industrial range of single/screw compressors consists of six sizes in a standard range (125 
Ib/in? max) and an HP range (145 Ib/in? max). Both ranges are offered in the air cooled or water 
cooled versions. With the addition of the CP High Efficiency feature, they are also offered for 'oil 
free' duties. 


CP 140 single screw 
compressor 
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Single/Screw CP Industrial Stationary Compressors 


Speed rev/min 2950 2950 2850 2950 2950 


Actual delivery тїп 178 211 275 360 460 
m? /min 5 6 79 10.2 13 


Normal 2 
working Ib/in 100 100 100 100 
pressure bar 7 7 7 7 


Maximum A 

working Ib/in 125 125 
pressure bar 8. А 8.5 8.5 
(standard!) 

Maximum 3 

working Ib/in 145 145 
pressure bar 10 
(hp range) 


Motor kW 
hp 

Power consumed 
lat 100 Ib/in kW 
discharge) hp 
Outlet Б 
discharge temp „Р 
lover ambient) С 





Dawson, McDonald & Dawson Ltd 


This company produces the ‘Compton’ range of oil-free compressors, gas circulating pumps and 
vacuum pumps. 


Compton type D/351 VM 
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The range starts with the smallest unit the D/351VM-MX2, powered by an open construction 
shaded-pole motor — this pump has a displacement of 0.65 eo Imin (17.5 litres) and progresses via 
an extremely popular machine the D/351 VM — which finds many applications in uses as diverse as 
photocopying machines, agricultural chemical applications, record cleaning machines, liquid level 
monitors, etc — to considerably larger units. 

These larger units having single or multiple heads in addition to their uses as air compressors are 
widely used for gas circulation duties in chemical plants, nuclear research power stations, etc, as 
they can be built to a high standard of gas tightness having no glands or shaft seals, 





Gardner-Denver (Cooper Air Compressor Division) 
This (American) company produces the Electra-Saver compressors which is claimed to save up to 
25% per year in energy costs over any comparable sized screw compressor. Electra-Saver com- 
pressors range in size from 100—500 horsepower (75—375 KW). 


Gast Manufacturing Co Ltd | 
Gast Manufacturing Company manufacture a range of precision built oil free piston compressors 
with a continuous pressure rating af 7 bar {100 Ib/in? ) and air flows to 4.8 lit/sec (10,2 ft? /min). 
All incorporate high starting torque integral motors for single or three phase supplies in the power 
range from 1/6 to 1% hp (0.12 to 1 12 kW). 

Piston rings and skirts are of self-lubricating Teflon (a DuPont material), motor bearings are 
greased sealed for life and cylinder heads and pistons are of cast aluminium with hard coated 
aluminium cylinders. Other features include a special design of lap-joint piston ring with stainless 
steel backing seal and corrosion resistant sandwich type valves. All units are available on a number 
of alternative sizes of horizontal and vertical air receivers, 
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Diaphragm Models — these are available as single- or double-diaphragm units with pressure ratings 
of 4 bar (60 Ib/in?) and free air flows up to 1% lit/sec (3.2 ft? /min). Diaphragms are of a special 
high temperature synthetic fabric coated with a hydrocarbon based elastomer and a special feature 
of all models is the very low noise level (in the mid 50 dB(A) range}. 


Rotary Vane Models — these are essentially low pressure units providing a maximum pressure of 
1.25 bar (15/20 Ib/in). Both oil free and lubricated models are available up to 26 lit/sec 455 


ft/min). 


Arthur Gilderson Ltd 


The Robay range of compressors marketed by this company are heavy duty two-stage reciprocat- 
ing machines. Models are available from 2.25—80 ft? /min (64—2 265 lit/min) either base-plate 
or receiver mounted. Standard pressure ranges are 100—125 Ib/in^ (7.8—9.5 bar) and 150— 
175 Ib/in? gauge (10—12 bar). Other models are available up to 250 Ib/in? (17 Баг), 


Howden Compressors 
Following is a summary of the range of oil free, refrigeration, lubricated screw and Godfrey 
blowers manufactured by this company. 


Discharga 
Installation Capacity Pressure Input HP Application 
ft? [min ли“ 
im” Ле) (bar) 


Single-stage Rotary oil | Stationary 500--11000 Up to 250 | 117—3200 Industrial air and 
range free werew | or skid (850—18700) (17.24) petrochemical 
mounted gases 


Booster Rotary oil | Stationary 600—11000 Up to 250 | 100—5000 Industrial air and 
range free screw | or skid (1020-18700) (17,24) petrochemical 
mounted gases 


Two-stage Rotary oil | Stationary 1500—11000 Up to 250 | $71—5000 Industrial air and 
free screw ] or skid (2550—18700) | (17.24) petrochemical 
mounted gases 


Single-stage Rotary Stationary 200—5200 350 Up to 5000 | Industrial air, 

oil injected screw or skid (340—8840) (24.14) petrochemical gases 
gas/air/ capacity mounted and refrigerant gases 
refrigeration | control 

range 


Howdenair Packaged Stationary 20—250 Industrial marine and 
lubricated | or skid instrument air systems 
screw air mounted 
compres- 
sors 


Godfrey Roots type | Stationary 30—1200 Pneumatic conveying 
blower positive and vehicle- bulk tankers, aeration, 
range displace- borne etc. 

ment 

oil free 
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HPC Engineering Ltd 

This company produces both reciprocating (piston) and screw air compressors, as detailed in the 
tables. Screw compressors are supplied mounted with all ancillaries fully enclosed in noise-reducing 
cabinets. 


HPC PLUSAIR ROTARY SCREW RIR COMPRESSORS 


Air Delivered From 


Package Н] Accordance 
With IBO 1217 


m? [min "fi fmin 


aU ышы 


Be bos wohl y-a 


SOR Wh Gas NW = ыю =e OO 
Лы fe 


Bho ы 








HPC PISTON RANGE — AIR COMPRESSORS 


150 Ib/in^ MWP (10.3 bar) Electric Driva — Horizontal and Vertical Receiver Mounted 


Design Piston Free Air 
Displacemant Dolivery 


fi/min — liumin Віл lit/min 


1-staga 
1-stage 
14tage 
2-18ge 
Теје 
1ataga 
1-tage 
2-etage 
1-staga 
2-stage 


200 Ib/in? МУР (13.8 Баг! Electric Drive — Horizontal and Vertical Receiver Mounted 


TSH9 2-stage во 226 А 20 
TSV9 Z-taga B.0 226 К 20 
TSH13 2-stage 12.7 359 3.0 
TSV13 24tage 127 359 
TSH15 24t19ge 150 424 
TSV15 Z24tage 150 424 
TSH20 Z4tàge 200 568 
TSsv20 2+tege 200 566 
TSH32 ада 325 923 
TSH75 2stage 75,0 2124 


150 Ib/in? МИР (10.3 bar) Patrol Drive — Horizontal Recsiver Mounted 


SHIOGP 2-stage во 226 6.0 1 5 petrol 
SH15GPSH 1-stage 17.0 481 10.3 291 7 petrol 
SH28GP i-stage 27.4 776 18.6 526 10 patrol 
SH28GPSH 1-5t3ge 27.4 776 18.6 526 10 patrol 
SH42GP  24tsge 32.6 923 750 736 14 petrol 


150 Ib/in^ MWP (10.3 bar] Diesel Drive — Horizontal Riacaiver Mounted 


SHI5GDSR 1-«tge 17,0 4814 10.3 291 6 diesel 
SH26GD Татара 27.4 776 18.6 526 Б diesal 
SH42GD Zstage 326 923 26.0 736 10 diesel 


125 tb/in? МИР [8.6 bar} Portebles and Mobiles 


Professional 40 113 д 0.5 hp elec — No receiver 
Portable 4 32 80 К 0.5 hp elec 2һрреї No receiver 
Spray/Mobile B во 226 | 1,5 hp elec 5hppet 2х 2 (2 х 9) 
Mobile 15 17.0 481 3.0 hp elec 7 һр рег 2х 2 {12 х9} 
Mobile 26= 274 776 | 5.5 hp elec - 2x212x89] 
Mobile 26P 274 776 A = 10 hp pet 2 х 2.7 (2x 12,5) 


Displacement Air Delivered at Air Dolivgred at 
100 tb/in? 150 ib/in 


ft? /min lit/min ft/min ти ft/min lit/min 
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Typical HPC Plusair rotary screw 
compressor. The 18 models range from 
70 hp delivering 39 cfm at 7.5 bar to 
338 hp delivering 1483 cfm at 7.5 bar. 
Maximum working pressures up to 

200 ibn? are available. 





The Hydrovane Compressor Co Ltd 

Hydrovane compressors are highly developed oil-sealed rotary vane machines, produced as 
packaged units together with electric motor, stand, pre-wired starter and integral control system. 
Standard packaged units can also be supplied fitted with an aftercooler and auto moisture trap. 
Types and performance details as per table. 





Hydravane 12 PV compressor. 
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HYDROVANE INDUSTRIAL COMPRESSORS 


Free Air Delivered Working Pressure Electric Motor Noise Leve! 
Ms т bar at 1 metre 


6 PUA 1 5 68 dB(A) 
12 PUA | 65 dB(A) 
13 PUA i 70 ДЕЦА) 
23 PUA 74 dB(A) 
33 PUA 75 dBlA! 
43 PUA 76 dBlA) 
66 PUA 7 76 dB(A) 

128 PUA 80 dBlA) 
170 PU 89 dB(A! 
250 PU 88 dB(A) 
350 PU 88 dB(A] 
400 PU 89 dB(A) 





Ingersoll-Rand Co Ltd 

Examples of portable compressor units produced by this company include:- 

Моде! DR85 2 430 Ут at 7 bar (85 Н? /m at 100 Ib/in^) 
With Perkins 3—152 diesel engine and two wheel running gear for speed 
towing. 
With Ford 2504E diesel engine Simms spring starter, two wheel 
running gear for speed towing. 


Model DRAF 125 3570 Ут at 7 bar (125 ft? /m at 100 Ib/in? ) 
With Ford 2711E diesel engine, two or four wheel running gear 
for speed towing. 
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Model DRF 175 5 000 I/m at 7 bar (175 ft? /m at 100 Ib/in?) 
With Ford 2711E diesel engine and two wheel running gear 
for speed towing. 
This unit also supplied less running gear. 


Model DRF 250 7 000 Ит at 7 bar (250 ft? /m at 100 Ib/in? ) 
With Ford 27 14E diesel engine and four wheel running gear 
for speed towing. 
This unit also supplied with two wheel running gear for speed 
towing or less running gear suitab e for truck mounting. 


Model DR 365 10400 /т at 7 bar (365 Н? /m at 100 Ib/in? ) 
With Cummins V 504 or Rolls Royce C4FNL diesel engines and 
mounted on four pneumatic-tyred wheels, 
The above also supplied less running gear suitable for truck mounting. 


Model DRCH 480 13 700 Ит at 7 bar (480 Н? /m at 100 Ib/in?) 
With Cummins NH220-Bi ог Rolls Royce C6FNL diesel engines 
mounted on four pneumatic-tyred wheels, 


Modet DR 600 17 000 Ут at 7 bar (600 ft? /m at 100 Ib/in? ) 
With Cummins NH220-Bi or Rolls Royce C6FNL diesel engines 
mounted on four pneumatic-tyred wheels. 
The above also supplied less running gear suitable for truck mounting. 


TYPE 40 COMPRESSORS 
Standard two-stage type 40 compressors for operation at pressures up to 
7 bar (100 Ib/in^). Assembled packaged units complete with motor and receiver, 


Free Air 

Delivered at 

7 bar (100 шла?) Speed 
V min (cu ft/min} rev/min 


3623 (128) 
5663 (201) 
7248 (256) 
11326 (401) 
14158 (509) 
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Joy Manufacturing Co (UK) Ltd 

The complete range of Joy compressors covers single-stage oil-injected rotary screw machines 
(Twistair); lubricated and oil free reciprocating compressors (WG and WN series) and centrifugal 
machines (Turbo-Air and MSG) of between two and six stages. 

The Joy WG series are vertical single-stage, single cylinder, double-acting, water-cooled units 
designed for V belt drive. The main frames are designed for 5 in, 7 in or 9 in stroke. Operating 
pressures vary from 1 to 9 bar (15 to 130 Ib/in? ) depending upon capacity. Capacity range (6 
models) 2.3—9.6 m? /min (80—340 ft? /min). They may be used as vacuum pumps and are also 
suitable for handling some gases. WGOL models have dry cylinder head construction and deliver 
oil-free air. Capacity range (6 models) 2.4—9.9 m? /min (85—350 ft? /min). 

The Joy WN series are V configuration, two-stage, two cylinder, double-acting, water-cooled 
units with a highly efficient water-cooled heat exchanger fitted between the first and second 
stages. They are designed for flange mounted electric motor drive but may also be utilized with 
direct coupled or belt drives. Operating pressures vary from 4.2—105 bar (60—150 Ib/in? ) accord- 
ing to capacity. Capacity range (3 models) 11.5—30.3 m? /min {415—1 070 ft? Лп). WNOL models 
feature the Joy dry cylinder construction, using stainless steel cylinder liners, the T-block design 
of piston with rings in specially formulated PTFE, an extra length piston rod and special seals, 
to ensure ail free air delivered. Capacity range (3 models) 12.0—13.6 m? /min (475—1 115 ft? /min). 

*Turbo-Air' and MSG centrifugal compressors are a range of centrifugal compressor packages, 
compiled from matched impellers, pinions, scrolls and diffusers and built into standard com- 
pressor frames, The design is compact and allows for the mounting on a common frame of all the 
essential items — compressor, intercoolers, lubrication system, driver and coupling and the control 
panel. 

The whole forms a ‘package’ of 25 models for a wide range of plant and process air duties 
within a span of 2000—66 300 m? /hr at pressures ranging from 1.4 to above 52 bar (1200— 
39 000 ft? /min at 20 to above 750 Ib/in? ). Delivered air is completely oil-free. 

Twistair screw compressors are a range of packaged compressors which utilize an oil-injected 
rotary screw unit with electric motor drive. All machines are air-cooled and supplied complete and 
ready for start-up without requiring foundations. Capacity range (18 models) 2.6—21 m? /min 
{90—740 ft? /min). Models are available with or without sound attenuated cabinets, according to 
the needs of the installation. 


Lacy-Hulbert & Co Ltd 
Lacy-Hulbert produce a comprehensive range of rotary and reciprocating vacuum pumps and 
compressors having displacements from 0.9—240 ft/min. 

Units can be of the oil free or lubricated type. In addition, units are also available for central- 
ized vacuum or compressed air systems for use in either industrial or medical fields, 
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И НН 


Range General Descriptio Model m? /hr ft) /min Pressure Vacuum 
i Ibfin? in Hg 


Sliding vane type 
air compressor 
vacuum pump: oil 
free or lubricated. 


Sliding vane type 
vacuum pumps and 
air compressors: 
oil-free or 
lubricated, 


Sliding vane type 
vacuum pump: 
oil flooded, 


Reciprocating type 
vacuum pumps: 
single stage. 


Reciprocating type 
compressors: 
single stage. 





The Nash Engineering Company 


Nash compressors and vacuum pumps are of the liquid ring type. Type CL compressors are high 
volume, low pressure machines available in 10 sizes giving 100—10 000 ft? /min. Double lobe 
compressors are available in 2B basic models, from 10—2000 ft? /min and 10—110 Ib/in? pressure. 
Nash instrument air compressors cover the range 29—395 tË /min at pressures from 50--125 Ib/in? . 
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Double-lobe compressor. 
(The Nash Engineering Col. 


Nash vacuum pumps are available in 11 sizes in single-stage units from 170-13 330 ft? /min; 
and 17 sizes in multi-stage units for vacua down to 7.62 mm, 


Northey Compressors Ltd 
Northey specialize in the manufacture of rotary oil free air and gas compressors, boosters and 
vacuum pumps. 

Northey single-stage ‘oil free’ compressors are available in air-cooled and water-cooled versions. 
Maximum delivery pressures for continuous operation are 1 bar gauge and 3 bar gauge water- 
cooled, 

A range of two-stage water-cooled compressors is available for continuous operation at 
pressures of 4 bar gauge (7 bar gauge smaller models). Many standard Northey compressors are 
used as gas boosters and a specially designed range of boosters is also available. 

‘Oil free’ and lubricated vacuum pumps are available with single-stage and two-stage models, 
Maximum vacuum obtainable 25 torr single-stage, 0.5 torr two-stage. 

Latest developments include water-cooled models with completely self-contained water-cooling 
circuit using an air blast radiator and water circulation pump. 


Typical Northey 
oil-free compressor. 
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Reavell (CompAir Industrial Ltd) 


The Reavell range comprises reciprocating and rotary vane air and gas compressors as well as 
centrifugal blowers and exhausters, Details as per table. 


REAVELL 5000 SERIES AIR-COOLED COMPRESSORS 
| 


Volume Charging Rate 


m? /h н? imin m? /h ft? /min 





United Technologies Elliott 


Elliott PAP PLUS oil free compressors are centrifugal machines, available in sizes from 1 200— 
27 000 m? /h (700—16 000 ft? /min); and from 150—2 600 kW. 


Elliott's РАР PLUS Plant use air package 
horizontally split construction for easy 
access to major components to 
encourage preventive maintenance. 














` ў 
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Williams & James Ltd 

Series 170 compressors are a heavy duty range suitable for either air or gas duties, pressure 
range is 28—280 bar (400—6000 Ib/in?) and capacities 9.4—19 dm? /s (20—40 ft? /min). Model 
175 is a vee-form four-cylinder three-stage compressor giving 16.5 dm? /s (35 ft? /min) at 262 bar 
(3800 Ib/in? ). 

Series 200 compressors are air-cooted multi-stage machines, available with optional heavy-duty 
filtration systems with pressures up to 240 bar (6000 Ib/in? ). Capacity is 5.7 dm? /s (12 ft? /min, 

Series 140/150 compressors offer pressures up to 8.6 bar (125 Ib/in?) with a capacity of 
66 dm? /s (140 # /min). The 140 series аге air-blast cooled with integral aftercoolers. Model 156 
is a water-cooled four-cylinder compressor capable of pressures up to 8.6 bar (125 Ib/in? ) at out- 
puts of 66 dm? /s (140 ft? /min). 

Oil-free compressors are available in three ranges: Series 700 models, pressures up to 8,6 bar 
(125 Ib/in?), capacity 2.4—4.7 dm? /s (5—10 ft? /min); Series 190 models, pressures up to 8.6 bar 
(125 Ib/in?), capacity 9.4—56,6 dm? /s (20—120 ft? /min); and Series 600 models, pressures up to 
10.3 bar (150 Ib/in?) and capacities 47.2—94.4 dm?/s (100—200 ft? /min). Model 695 gives 
94.4 dm? /s (200 ft? /min) at pressures ир to 10.3 bar (150 Ib/in?) and is complete with integral 
‘air-cooled interstage and aftercoolers. 
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Sub-section (a) 


TRADE NAMES INDEX 


ALEMITE — Lubrication equipment — Stewart-Warner Ltd 

AMLOC® II — Energy saving device for compressed air dryers — Pall Pneumatics Ltd 
ANDEROL — Synthetic lubricants — Tenneco Colortrend B.V, — Anderol Div. 
AQUADEXTM — Moisture indicator — Pall Pneumatics Ltd 

ARO — Air tools and hoists — The Aro Corporation (UK) Ltd 


BESTA — Air distribution equipment — Sperry Vickers Automation & Pneumatics 

BIO—X — Compressed air sterilization filters — Domnick Hunter Filters Ltd. 

'BOREAS' — Vacuum pumps and compressors — Lacy Hulbert & Co Ltd 

BP ENERGOL — Compressor oils — BP Oils Ltd 

BRISTOL DUPLEX — Air compressors — Bristol Pneumatic Ltd 

BROOMWADE — Stationary and portable compressors, air treatment and ancillary products — 
CompAir Industrial Ltd 


COMPTON — Oil-free diaphragm air compressor, oil-free diaphragm gas compressors and circulating 
pumps, oil-free vacuum pumps — Dawson, McDonald & Dawson Ltd 


DECADE ШТМ — Heatless compressed air dryer — Pall Pneumatics Ltd 
DYNA-QUIP — Ball valves, blow guns, quick release hose couplings — IMI Norgren Enots Ltd 


ENOTS — Pneumatic cylinders and valves, tube and pipe fittings, tubing, pneumatic accessories, 
and filler caps — IMI Norgren Enots Ltd 
EP7000 — Energy-saving fittings for pneumatic automation — Legris Ltd. 


FESTO LTD — Pneumatic cylinders, valves, control systems — Festo Ltd 

FIAM UTENSILI PNEUMATICI SpA — Pneumatic screwdrivers, drills, tappers, grinders, sanders, 
motors — Fiam Utensili Pneumatici SpA 

FLUOSLIDE — Pneumatic control equipment, ie valves and cylinders — Midland Pneumatic Ltd. 

FOXMELT — Adhesive systems — The Aro Corporation (UK) Ltd 
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GLOBE -- Air motors — J.H.Fenner & Co Ltd 


HEAT-LES® — Heatless compressed air dryer — Pall Pneumatics Ltd 
'HOWDENAIR*' — Packaged industrial compressors — Howden Compressors Ltd 


ISOMAX — 1.5.0. standard pneumatic valves — CompAir Maxam Ltd 


JOUCOMATIC INTERNATIONAL — Pneumatic control equipment and process valves — Jouvenel 
et Cordier | 

LANG — Power pneumatic valves and cylinders — Sperry Vickers Automation & Pneumatics 

LF3000 — Pneumatic push-in fitting system — Legris Ltd 

LOADLEADER — Air hoists — The Aro Corporation (UK) Ltd 

LUCIFER — Solenoid valves — Sperry Vickers Automation & Pneumatics 


MISTCOOL — Liquid spraying system — ІМІ Norgren Enots Ltd 
MODERNAIR — Valves and cylinders — The Aro Corporation {UK} Ltd 
MSG — Centrifugal compressors _| Joy Manufacturing Со (џ K) Ltd 


NORGREN — Compressed air equipment, fluidic devices, machine lubrication systems — IMI 
Norgren Enots Ltd 

NORTHEY — Rotary clearance type ‘oil free’ air апа gas compressors, boosters and vacuum 
pumps, lubricated vacuum pumps, railway vacuum brake exhausters — Northey Rotary 
Compressors Ltd. 

'NUMATICS' — Air valves — ES Controls Ltd 


OIL-X — Oil removing compressed air filters — Domnick Hunter Filters Ltd 
OLYMPIAN — Compressed air processing equipment (plug-in) — IM! Norgren Enots Ltd 


PALL® — Heaterless compressed air dryer — Pall Pneumatics Ltd 

PARKER-HANNIFIN — Pneumatic cylinders, valves and air preparation equipment — Parker- 
Hannifin (UK) Ltd 

PHARM AIRTM — Purification sustem — Pall Pneumatics Ltd 

PISTONAIR — Compressed air motors — Joy Manufacturing Co (UK) Ltd 

PNEUMAID — High pressure air logic system — CompAir Maxam Ltd 

PNEUMETHODS — Pneumatic devices, sequencers, alarms, systems — Systematic Design & 
Development Ltd 

POLYLOG — High pressure air integrated logic systems — CompAir Maxam Ltd 

PORSILENT — Silencers — Sperry Vickers Automation & Pneumatics 

PROVENAIR — Pneumatic cylinders — The Aro Corporation (UK) Ltd 

РУМ — Ultra high efficiency filters, filter silencers, internal separators, activated carbon silencers 
— Process Scientific Innovations Ltd 


RAY — Pressure snubbers — ІМІ Norgren Enots Ltd 

REAVELL — High/low pressure stationary compressors, hydraulic controls — CompAir Industrial 
Ltd 

RED-RING — Pneumatic cylinders and valves — Davis Pneumatic Systems Ltd 
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SCHUBERT & SALZER — Process control valves — Sperry Vickers Automation & Pneumatics 
SPECKEN DRUMAG — Rotary actuators — Sperry Vickers Automation & Pneumatics 
SYSTEM HF — High pressure hydraulic fitting system — Legris Ltd 


THOR — Pneumatic tools — Stewart-Warner Ltd 

THORITE — Air compressors — Thomas Wright (Bradford) Ltd 

TRIQUAD — High pressure air/gas compressor — Williams & James (Engineers) Ltd 
TURBO-AIR — Centrifugal compressors — Joy Manufacturing Co (UK) Ltd 
TWISTAIR — Rotary screw compressors — Joy Manufacturing Co (UK) Ltd 


ULTIPOR® — Filter medium — Pall Pneumatics Ltd 
ULTRAIRE — High efficiency compressed air filters — ІМІ Norgren Enots Ltd 


WILKERSON — Air services equipment — Sperry Vickers Automation & Pneumatics 
W & J PNEUMERSTAT — Flow contoller, pressure reducer, filter -- Williams & James (Engineers) 
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Sub-section (b) 


CLASSIFIED INDEX OF PNEUMATIC 
EQUIPMENT AND COMPONENTS SUPPLIERS 


Actuators, Rotary 
Fluid Automation Systems SA 


Aerators 
Charles Austen Pumps Ltd 


Aftarcoolars, Air Cooled 

Atlas Copco (GB) Ltd 
CompAir Industrial Ltd 
Ingersoll Rand Sales Co Ltd 
NEI-APE Ltd Bellis & Morcom 
Serck Heat Transfer 

Thomas Wright (Bradford) Ltd 


Aftercoolers, Water Cacled 


Atlas Copco (GB) Ltd 
CompAir Industrial Ltd 
Ingersoll Aand Sales Co Ltd 
Serck Heat Transfer 

Themas Wright (Bradford) Ltd 


Agitators 
The Aro Corporation (UK) Ltd 


Air Actuators 


CompAir Maxam Ltd 

Davis Pneumatic Systams Ltd 
Fasto Ltd 

ІМІ Norgren Enots Ltd (Lichfield) 
Jouvenel et Cordier 

Martonair Ltd 

Mecman Ltd 

Midland Pneumatic Ltd 
R.G.S.Electro-Pneumatics Ltd 
Schrader Bellows Ltd 


Sperry Vickers Automation & Pneumatics 
Systematic Design & Developments Ltd 
Thomas Wright (Bradford) Ltd 


Air Conditioning Plant 
Pall Pneumatics Ltd 


| 


Air Heaters 
Domnick Hunter Filters Ltd 


Alarm Warnings, Flow 


IMI Norgren Enots Ltd (Shipston) 
Systematic Design & Developments Ltd 


Alarm Warnings, Lavel 

Crouzet Ltd 

Festo Ltd 

ІМІ Norgren Enots Ltd (Shipston) 
Systematic Design & Developments Ltd 


Alarm Warnings, Pressure 

Crouzet Ltd 

Davis Pneumatic Systems Ltd 

Domnick Hunter Filters Ltd 

Festo Ltd 

IMI Norgren Enots Ltd (Shipston) 
Midland Pneumatic Ltd 
R.G.S.Electro-Pneumatics Ltd 

ket id Design & Developments Ltd 


Alarm Warnings, Temperature 
iain а Design & Developments Ltd 


Alarm Warnings, Vacuum 
Crouzet Led 
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Festo Ltd 
Systematic Design & Developments Ltd 


Bellows, Cylinder/Rod Protection 
CompAir Maxam Ltd 

Davis Pneumatic Systems Ltd 

Festo Ltd 

R.G.S.Electro-Pneumatics Ltd Р 
Sperry Vickers Automation & Pneumatics 


Bits, Percussive 

Atlas Capco (GB) Ltd 

Consolidated Pneumatic Tool Co Ltd 
Ingersoll Rand Sales Co Ltd 

Padley & Venables Ltd 


Bits, Rotary 

Atlas Copco (GB) Ltd 

Consolidated Pneumatic Taol Co Ltd 
Ingersoll Rand Sales Co Ltd 


Blowers, Diaphragm 
Dawson, McDonald & Dawson Ltd 


Blowers, Roots 
Howden Compressors Ltd 


Blowers, Scraw 


Howden Compressors Ltd 
Ingersoll Aand Sales Co Ltd 


Blowers, Sliding Vane 
Lacy-Hulbert & Co Ltd 


Blowers, Turbo 


CompAir Industrial Ltd 
Ingersoll Rand Sales Co Ltd 


Boosters, Diaphragm 
Dawson, McDonald & Dawson Ltd 
Fasto Ltd 


Boosters, Piston 


Atlas Copco (GB) Ltd 

Davis Pneumatic Systems Ltd 
Festo Ltd 

Ingersoll Rand Sales Co Ltd 
МЕРАРЕ Ltd Bellis & Morcom 
R.G.S.Electro-Pneumatics Ltd 
Williams & James (Engineers) Ltd 


Boosters, Rotary 


Atlas Copco (GB) Ltd 

Howden Compressors Ltd 
Ingersoll Rand Sales Co Ltd 
Northay Rotary Compressors Ltd 


Boosters, Turho 
CompAir Industrial Ltd 


Bottles, Air: Tyre Inflating, Portabla 
Bristol Pneumatic Ltd 
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Brakes, Air Operated 
Davis Pneumatic Systems Ltd 


Breakers, Concrete and Paving 


Atlas Copco (GB) Ltd 
Consolidated Pneumatic Co 


Atlas Copco (GB) Ltd 

Consolidated Pneumatic Tool Co Ltd 
Padley & Venables Ltd 

Williams & James (Engineers) Ltd 


Breathing Air Sats 
IML Norgren Enots Ltd {Shipston} 


Breathing Apparatus, Resuscitators 
Domnick Hunter Filters Ltd 

IMI Norgren Enots Ltd (Shipston) 
Thomas Wright (Bradford) Ltd 


Chucks, Vacuum (see also 
Air Chucks} 

Charles Austen Pumps Ltd 

Festo Ltd 


Circulators, Air and Gas 


Charles Austen Pumps Ltd 
Northey Rotary Compressors Ltd 


Clamps 

Atlas Copco (GB) Ltd 
Parker-Hannifin Ltd 
Schrader Bellows Ltd 


Compressor Oil Coolers, Air and 
Water Cooled 


Serck Heat Transfer 


Compressor Oils 
BP Oil Ltd 


Compressors, Air Diaphragm 
Charles Austen Pumps Ltd 
Dawson, McDonald & Dawson Ltd 
Thomas Wright (Bradford) Ltd 


Compressors, Air Reciprocating: Mobile 
CompAir Industrial Ltd 

НРС Engineering Ltd 

Ingersoll Rand Sales Co Lid 

Williams & James (Engineers) Ltd 
Thomas Wright (Bradford) Ltd 


Compressors, Air Reciprocating: Portable 
Charles Austen Pumps Ltd 

CompAir Industrial Ltd 

Dawson, McDonald & Dawson Ltd 
Bristol Pneumatic Ltd 

HPC Engineering Ltd 

Ingersoll Rand Sales Co Ltd 

Thomas Wright (Bradford} Ltd 





Compressors, Air Reciprocating: 
Stationary or Fixed 

Atlas Copco (GB) Ltd 

NEI-APE Ltd Bellis & Morcom 

Bristol Pneumatic Ltd 

СотрАіг Industrial Ltd 

Consolidated Pneumatic Tool Co Ltd 

Dawson, McDonald & Dawson Ltd 

HPC Éngineering Ltd 

Ingersoll Rand Sales Co Ltd 

Joy Manufacturing Co (UK) Ltd 

Lacy-Hulbert & Co Ltd 

Ing Enea Mattei SpA 

NEI-APE Ltd Bellis & Marcom 

R.G.S.Electro-Pneumatics Ltd 

Williams & James (Engineers) Ltd 

Thomas Wright (Bradford) Ltd 


Compressors, Air Recipracating: 
Tractor Mounted 


Bristol Pneumatic Ltd 


Compressars, Air Rotary: 
Portable 
Atlas Copco (GB) Ltd 
Consolidated Pneumatic Tool Co Lid 
Ingersoll Rand Sales Co Ltd 
ing Enea Mattei SpA 


Comprassors, Air Rotary: Roots 
{Lobed Impallers) 


Howden Compressors Ltd 
ingersol] Rand Sales Co Ltd 
Northey Rotary Compressors Ltd 


Compressors, Air Rotary: Screw 
Atlas Copco (GB) Lid 

CompAir Industrial Ltd 
Howden Engineering Ltd 

HPC Engineering Ltd 

Ingersoll Rand Sales Co Ltd 

Joy Manufacturing Co (UK) Ltd 
Thomas Wright (Bradford) Ltd 


Compressors, Air Rotary: 

Sliding Vana 
CompAir Industrial Ltd 
Consolidated Pneumatic Tool Co Ltd 
Ingersoll Hand Sales Са Ltd 
Lacy-Hulbert & Co Ltd 
Ing Enea Mattei SpA 
Thomas Wright (Bradford) Ltd 


Compressors, Air Rotary: 
Stationary or Fixed 
Atlas Copco (GB) Ltd 
CompAir Industrial Ltd 
Consolidated Pneumatic Tool Co Ltd 
Howden Compressors Ltd 
HPC Engineering Ltd 
Ingersoll-Rand Sales Co Ltd 
Joy Manufacturing Co (UK) Ltd 
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Lacy-Hulbert & Co Ltd 

Ing Enes Mattei SpA 

Northey Rotary Compressors Ltd 
Thomas Wright (Bradford) Ltd 


Compressors, Air Rotary: 
Treck Mounted 


Ing Enea Mattei SpA 


Compressors, Air Rotary: 

Vehicla Mounted 
Consolidated Pneumatic Tool Co Lid 
Ing Enea Mattei SpA 


Compressors, Air, Bottle Charging 
Bristol Pneumatic Ltd 

CompAir Industrial Ltd 

Ingersoll Rand Sales Co Lid 
Williams & James (Engineers) Ltd 


Comprassors, Air Turbo: 
Cantrifugal 

CompAir Industrial Ltd 

Ingerfoll Rand Sales Со Ltd 

Joy Manufacturing Co (UK) Ltd 


Compressors, Dental 

Atlas Сорсо (GB) Ltd 

CompAir Industrial Ltd 

HPC Engineering Ltd 

Ingarsatl Rand Sales Co Ltd 
Williams & James (Engineers) Ltd 
Thomas Wright (Bradford) Ltd 


Compressors, Diving 

Atlas Copco (GB) Ltd 

Bristol Pneumatic Ltd 

CompAir Industrial Ltd 

Ingersoll Rand Sales Co Ltd 
Williams & James (Engineers) Ltd 


Compressors, Doubla Entry 
Ingersoll Rand Sales Co Ltd 


Compressors, Garage 

Atlas Copco (GB) Ltd 

Bristal Pneumatic Ltd 

CompAir Industrial Ltd 

Dawson, McDonald & Dawson Ltd 
Howden Compressors Ltd 

HPC Engineering Ltd 

Ingersoll Rand Sales Co Ltd 
Thomas Wright (Bradford) Ltd 


Compregors, Gas 

Atlas Copco (GB] Ltd 

Charles Austen Pumps Ltd 
NEI-APE Ltd Bellis & Могсот 
Bristol Pneumatic Ltd 

CompAir Industrial Ltd 

Dawson, McDonald & Dawson Ltd 
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Howden Compressors Ltd 
Ingersoll-Rand Sales Co Ltd 

Joy Manufacturing Co (UK) Ltd 
Northey Rotary Compressors Ltd 
Williams & James (Engineers) Ltd 


Compressors, Natural Gas 
{For Automotive Purposes) 


Williams & James (Engineers) Ltd 


Compressors, Oil Frea: Diaphragm 


Charlas Austen Pumps Ltd 
NEI-APE Ltd Bellis & Morcom 
Dawson McDonald & Dawson Ltd 
Thomas Wright (Bradford) Ltd 


Compressors, Oil Free: Reciprocating 
Atlas Copco (GB) Ltd 

Charles Austen Pumps Ltd 

CompAir Industrial Ltd 
Ingersoll-Rand Sales Co Ltd 

Joy Manufacturing Co (UK) Ltd 
Williams & James (Engineers) Ltd 
Thomas Wright (Bradford) Ltd 


Compressors, Oil Frea: Rotary 
Atlas Copco (GB) Ltd 

Howden Compressors Ltd 

HPC Engineering Ltd 
Ingersoll-Rand Sales Co Ltd 
Lacy-Hulbert & Co Ltd 

Northey Rotary Compressors Ltd 


Compressors, Paint Spraying 
Atlas Copco (GB) Ltd 

CompAir Industrial Ltd 

Dawson, McDonald & Dawson Ltd 
Ingersoll-Rand Sales Co Ltd 
Thomas Wright (Bradford) Ltd 


Compressors, Portable 

Atlas Copco (GB) Ltd 

Charles Austen Pumps Ltd 
CompAir Industrial Ltd 
Dawson,McDonald & Dawson Ltd 
HPC Engineering Ltd 
Ingersoll-Rand Sales Co Ltd 
Williams & James (Engineers) Ltd 
Thomas Wright (Bradford) Ltd 


Compressors, Refrigaration 


Howden Engineering Ltd 
Ingersoll-Rand Sales Co Ltd 


Containers, Paint: Pressure 
Thomas Wright (Bradford) Ltd 


Controllers, Flow 


Davis Pneumatic Systems Ltd 

Drallim Controllers Ltd 

Martonair Ltd 

Midland Pneumatic Ltd 

Parker-Hannifin (UK) Ltd 

Schrader Ballows Ltd 

Sperry Vickers Automation & Pneumatics 
Thomas Wright (Bradford) Ltd 


Controllers, Level 

The Aro Corporation (UK) Ltd 
Crouzet Ltd 

Fasto Ltd 

Schrader Bellows Ltd 

Systematic Design & Developments Ltd 


Controllars, Positional 


Davis Pneumatic Systems Ltd 
Martonair Ltd 

R.G.5. Electro-Pneumatics Ltd 
Schrader Bellows Ltd 

Systematic Design & Developments Ltd 


Controllars, Pressure 


The Aro Corporation (UK) Ltd 
Atlas Copco (GB) Ltd 

Crouzet Ltd 

Davis Pneumatic Systems Ltd 
Festo Ltd 

IMI Norgren Enots Ltd {Shipston} 
Martonair Ltd 

Midland Pneumatic Ltd 
Parker-Hannifin (UK) Ltd 
Schrader Bellows Ltd 

Sperry Vickers Automation & Pneumatics 
Thomas Wright (Bradford) Ltd 


Control Panels, Pneumatic Sequence 


The Aro Corporation (UK) Ltd 
CompAir Maxam Ltd 

Crouzet Ltd 

Davis Pnaumatic Systems Ltd 

Festo Ltd 

IMI Norgren Enots Ltd (Lichfield) 
Jouvenel et Cordier 

Martonair Ltd 

Mecman Ltd 

Midland Pneumatic Ltd 
Parker-Hannifin (UK) Ltd 
R.G.S,Electro-Pneumatics Ltd 
Schrader Bellows Ltd 

Sperry Vickers Automation & Pneumatics 
Systematic Design & Developments Ltd 


Cauntars, Pneumatic 
Systematic Design & Developments Ltd 
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Couplings, Air Vacuum Line: Pipe 
The Aro Corporation (UK) Ltd 
Atlas Copco (GB) Ltd 

Davis Pneumatic Systems Ltd 
Drallim Fluid Components Ltd 
Festo Ltd 

IMI Norgren Enots Ltd (Shipston) 
Legris Ltd 

Martonair Ltd 

Parker-Hannifin (UK) Ltd 
Schrader Bellows Ltd 

Sperry Vickers Automation & Pneumatics 


Couplings, Air Vacuum Line: Quick Acting 
The Aro Corporation (UK) Ltd 
Atlas Copco (G8) Ltd 

Davis Pneumatic Systems Ltd 
Draliim Fluid Components Lid 
Festo Ltd 

IMI Norgren Enots Ltd (Shipston) 
Jouvenel at Cordier 

Legris Lid 

Martonair Ltd 

Parker-Hannifn (UK) Ltd 
Schrader Bellows Ltd 


Couplings, Air Vacuum Line: Rotary 
Festo Ltd 

IMI Norgren Enots Ltd (Lichfield) 
Parker-Hannifin (UK) Ltd 

Schrader Bellows Ltd 


Couplings, Air Vacuum Line: Salf-Saaling 
Drallim Fluid Components Ltd 

Festo Ltd 

Jouvenel et Cordier 

Martonair Ltd 

Parker-Hannifin (UK) Ltd 

Schrader Bellows Ltd 


Couplings, Air Vacuum Line: Swivel 


Parker-Hannifin (UK) Ltd 
Schrader Bellows Ltd 


Cutters, Rivet 
Padley & Venables Ltd 


Cutters, Tube 
CompAir Maxam Ltd 
Crouzet Ltd 

Legris Ltd 

Martonair Lid 

Padley & Venables Ltd 


Cylindars, Air: Singla-Acting 
The Aro Corporation (UK) Ltd 
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CompAir Maxam Ltd 

Davis Pneumatic Systems Ltd 

Festa Ltd 

Fluid Automation Systems SA 

IMI Norgren Enats Ltd (Lichfield) 
Jouvenel et Cordier 

Martonair Ltd 

Mecman Ltd 

Midland Pneumatic Ltd 
Parker-Hannifin (UK) Ltd 

Pneumatics Controls Ltd 
R.G.S.Electro-Pneumatics Ltd 
Schrader-Bellows Ltd 

Sperry Vickers Automation & Pneumatics 
Systematic Design & Developments Ltd 
Thomas Wright (Bradford) Ltd 


Cylinders, Air: Doubla-Acting 

The Aro Corporation (UK) Ltd 
CompAir Maxam Ltd 

Davis Pneumatic Systems Ltd 

Festo Ltd 

Fluid] Automation Systems SA 

IMI Norgren Enats Ltd {Lichfield} 
Jouvenel et Cordier 

Martonair Ltd 

Mecman Ltd 

Midland Pneumatic Ltd 
Parker-Hannifin (UK) Ltd 

Preumatics Controls Ltd 
R.G.S.Electro-Pneumotics Ltd 

Schrader Bellows Ltd 

Sperry Vickers Automation & Pneumatics 
Systematic Design & Developments Ltd 
Thomas Wright (Bradford) Ltd 


Cylinders, Air: Cushioned 


The Aro Corporation (UK) Ltd 
CompAir Maxam Ltd 

Davis Pneurnatic Systems Ltd 

Festo |Ltd 

IMI Norgren Enots Ltd (Lichfield) 
Jouvenel et Cordier 

Martopair Ltd 

Mecman Ltd 

Midland Pneumatic Ltd 
Parker-Hannifin (UK) Ltd 

Pneumatics Controls Ltd 
R.G.S/Electro-Pnaumatics Ltd 
Schrader Bellows Ltd 

Sperry, Vickers Automation & Pneurnatics 
Systematic Design & Davelopments Ltd 
Thomas Wright (Bradford) Ltd 


Cylinders, Air: Duplex 
CompAir Maxam Ltd 
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Davis Pneumatic Systems Ltd 

Festo Ltd 

IM! Norgren Enots Ltd {Lichfield} 
Jouvanel et Cordier 

Martonair Ltd 

Mecman Ltd 

Midland Pneumatic Ltd 

Pneumatics Controls Ltd 
R.G.5.Electro-Pneurnatics Ltd 
Schrader Bellows Ltd 

Sperry Vickers Automation & Pneumatics 
Systematic Design & Developments Ltd 


Cylinders, Air: Non-Cushioned 

The Aro Corporation (UK) Lid 
CompAir Maxam Ltd 

Davis Pneumatic Systems Ltd 

Festo Ltd 

IMI Norgren Enots Ltd (Lichfield) 
Jouvenel et Cordier 

Martonair Ltd 

Mecman Lid 

Midland Pneumatic Ltd 
Parker-Hannifin (UK) Ltd 

Pneumatics Controls Ltd 
R.G.S.Electro-Pneumatics Ltd 
Schrader Bellows Ltd 

Sperry Vickers Automation & Pneumatics 
Systematic Design & Developments Ltd 
Thomas Wright (Bradford) Lid 


Cylinders, Air: Impact 

Davis Pneumatic Systems Ltd 

IME Norgren Enots Lid (Lichfield) 
Martonair Ltd 

Mecman Ltd 

Midland Pneumatic Ltd 

Pneumatics Controls Ltd 
R.G.S.Electro-Pneumatics Ltd 

Schrader Bellows Lid 

Sperry Vickers Automation & Pneumatics 


Cylinders, Air: Oscillating 

Davis Pneumatic Systems Ltd 
Festo Ltd 

IMI Norgren Enots Ltd (Lichfield) 
Martonair Ltd 

Mecman Ltd 

Midland Pneumatics Ltd 
Pneumatics Controls Ltd 
R.G.S.Electro-Pneumatics Ltd 
Schrader Bellows Ltd 

Systematic Design & Developments Ltd 


Cylinders, Rotary 
Festo Ltd 
Martonair Ltd 


Mecman Ltd 

Pneumatics Controls Ltd 

Schrader Bellows Ltd 

Sperry Vickers Automation & Pneumatics 


Cylinders, Air: Telescopic 

Davis Pneurnatic Systems Ltd 

IMI Norgren Enots Lid (Lichfield) 
Midiand Pneumatic Ltd 
Pneumatics Controls Ltd 
R.G.S.Electro-Pneumatics Lid 


Cylinders, Air: Through Rod 

CompAir Maxam Ltd 

Davis Pneumatic Systems Ltd 

Festo Ltd 

IMI Norgren Enots Ltd (Lichfield) 
Jouvenel et Cordier 

Martonair Ltd 

Mecman Lid 

Midland Pneumatic Ltd 
Parker-Hannifin (UK) Ltd 

Pneumatics Controls Ltd 
A.G.5.Electro-Pneumatics Ltd 
Schrader Bellows Ltd 

Sperry Vickers Automation & Pneumatics 
Systematic Design & Developments Ltd 


Cylinders, Air: Other Types 

СотрА Maxam Ltd 

Davis Pneumatic Systems Ltd 

Festo Ltd 

IMI Norgren Enots Ltd (Lichfield) 
Jouvenel et Cordier 

Martonair Ltd 

Mecman Ltd 

Midland Pneumatic Ltd 

Pnumatics Controls Ltd 

Schrader Bellows Ltd 

Sperry Vickers Automation & Pneumatics 
Systematic Design & Developments Ltd 


Cylinders, Magnatic 
IMI Norgren Enots Ltd {Lichfield} 


Dampers 

Festo Ltd 

IMI Norgren Enots Lid {Shipston} 
Mecman Ltd 

Schrader Bellows Ltd 


Dehumidifiers, Air 
Sperry Vickers Automation & Pneumatics 
Ultrafilter Ltd 
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Desiccators 


Domnick Hunter Filters Ltd 
Ultrafilter Ltd 


Diggers, Clay or Spada 
Atlas Copco (GB) Ltd 
Ingersoll-Rand Sales Co Ltd 
Padley & Venables Ltd 
Stewart-Warner Lid 


Drill Legs 
Atlas Copco (GB) Ltd 


Drill Rods 
Atlas Copco (GB) Ltd 


Consolidated Pneumatic Tool Ca Ltd 
Padley & Venables Ltd 


Drills, Angla 

The Aro Corporation (UK) Lid 
Atlas Copco (GB) Lid 
Ingersoll-Rand Sales Co Ltd 
Stewart-Warner Lid 

Thomas Wright (Bradford} Ltd 


Drills, Auger 
Consolidated Pneumatic Tool Co Ltd 
Ingersoll-Rand Sales Co Ltd 


Drills, Corner 

Atlas Copco (GB) Ltd 
Ingersoll-Rand Sales Co Ltd 
Stewart-Warner Ltd 


Drills, Industrial: Adjustable Head 
The Aro Corporation (UK) Ltd 
Fiam Utensili Pneumatici SpA 
Schrader Bellows Ltd 


Drills, Industrial: Auto-Feed 
The Aro Corporation (UK) Ltd 
Atlas Copco (GB) Ltd 
Schrader Ballows Ltd 


Drills, Industrial: Corner 
Fiam Utensili Pneumatici SpA 
Ingersoll-Hand Sales Co Ltd 
Stewart-Warner Ltd 


Drills, Industrial: Fixed Angla Head 
The Aro Corporation (UK) Ltd 
Fiam Utensili Pneumatici SpA 
Ingersoll-Hand Sales Са Ltd 
Stewart-Warner Ltd 
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Drills, Industrial: Heavy Duty 
Atlas Copco {GB} Ltd 

Fiam Utensiti Pneumatica SpA 
Ingersoll-Rand Sales Co Ltd 
Schrader Bellows Ltd 
Stewart-Warner Ltd 


Drills, Industrial: Light Duty 
The Ara Carporation (UK} Ltd 
Atlas Copco (GB) Lid 
Ingersoll-Rand Sales Co Ltd 
Schrader Bellows Ltd 
Stewart-Warner Ltd 

Thomas Wright (Bradford) Ltd 


Drilis, Industrial: Medium Duty 
The Ara Corporation (UK) Ltd 
Atlas Copco (GB) Ltd 

Fiam Utensili Pneumatici SpA 
Ingersoll-Rand Sales Co Ltd 
Schrader Bellows Ltd 
Stewart-Warner Ltd 

Thomas Wright (Bradford) Ltd 


Drills, Industrial: Ultra-Lightwaight 


Fiam Utensili Pneumatici SpA 
Ingersoll-Rand Sales Co Ltd 


Drills, Industrial: Multi-Spindla 
The Aro Corporation (UK) Ltd 
Fiam Utensili Pneumatici SpA 
Ingersoll-Rand Sates Co Ltd 
Schrader Bellows Ltd. 
Stewart-Warner Ltd 


Drills; industrial: Self-Fead 


The Aro Corporation (UK) Ltd 
Atlas Copco (GB) Ltd 
Schrader Bellows Ltd 
Stewart-Warner Ltd 

Thomas Wright (Bradford) Ltd 


Drills, Wagon 
i 
Atlas Copco (GB) Ltd 


Drills, Woodhorers 

Consolidated Pneumatic Tool Co Ltd 
Schrader Bellows Ltd 
Stewart-Warner Ltd 


Drives and Prime Movars 
Schrader Bellows Ltd 


Dryers, Adsorption Heatiess 
Ultrafliter Ltd 
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Dryers, Adsorption Heat Regenarated 
Ultrafilter Ltd 


Dryers, Compressed Air and Gas 
Pall Pneumatics Ltd 


Dryers, Heaterless 
Pall Pneumatics Ltd 


Dryers, Heat Regenerated 
Pall Pneumatics Ltd 


Dryers, Refrigerant 
Ultrafilter Ltd 


Energy Saving Fittings 
Legris Ltd 


Ejectors, Power Press 
Schrader Bellows Ltd 


Exhausters (See also Vacuum Pumps} 


CompAir Industrial Ltd 
Lacy-Hulbert & Co Ltd 
Northey Rotary Compressors Ltd 


Filtar Cartridges 
Damnick Hunter Filters Ltd 


Filter/Dryar, Systems 
Utrafilter [ла 


Filters, Gas 
Domnick Hunter Filters Ltd 


Filters, High Pressure 
Domnick Hunter Filters Ltd 


Filters, Oil Removal 
Ultrafilter Ltd 


Filters, Sterilizing 
Domnick Hunter Filters Ltd 


Filters and Separators, Adsorption 
CompAir Industrial Ltd 

Damnick Hunter Filters Ltd 

Pall Pneurnatics Ltd 

Process Scientific Innovations Ltd 

Sperry Vickers Automation & Pnaumatics 
Williams & James (Engineers) Ltd 


Filters and Separators, Air Intake 
CompAir Industrial Ltd 


Domnick Hunter Filters Ltd 
Fiam Utensili Pneumatici SpA 
Midland Pneumatic Ltd 

Northey Rotary Compressors Ltd 
Pall Pneumatics Ltd 

Process Scientific Innovations Ltd 
Watts Regulator (UK} Ltd 


Filters and Separators, Air Pipeline 
(See also Desiccators) 


The Aro Corporation (UK) Ltd 
Atlas Copco (GB) Ltd 

CompAir Maxam Ltd 

Crouzet Ltd 

Domnick Hunter Filters Ltd 

Fiam Utensili Pneumatici SpA 
IMI Norgren Enots Ltd (Shipston) 
Jouvenel et Cordier 

Martonair Ltd 

Mecman Ltd 

Midiand Pneumatic Ltd 

Pall Pneumatics Lid 
Parker-Hannifin (UK} Ltd 
Pnumatics Controls Ltd 

Process Scientific Innovations Ltd 
R.G.S, Electro-Pneumatics Ltd 
Schrader Betlows Ltd 

Sperry Vickers Automation & Pneumatics 
Thomas Wright (Bradford) Ltd 


Filters and Separators, Vacuum 
Domnick Hunter Filters Ltd 

(МЕ Norgren Enots Ltd (Shipston) 
Northey Rotary Compressors Ltd 
Process Scientific Innovations Ltd 


Flowmaters, Air 


Drallim Controls Ltd 
Systematic Design & Developments Ltd 


Fittings, Air Lina (Sae also Hosea} : 
Ferrous 

Tha Aro Corporation (LIK) Ltd 

Atlas Copco (GB) Ltd 

CompAir Maxam Ltd 

Consolidated Pneumatic Tool Co Ltd 

Davis Pneumatic Systems Ltd 

Drallim Fluid Components Ltd 

ІМІ Norgren Enots Ltd (Lichfield) 

Legris Ltd 

Mecman Ltd 

Midland Pneumatic Ltd 

Parker-Hannifin (UK) Ltd 

Pnumatics Controls Ltd 

Process Scientific Innovations Ltd 
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R.G.S.Electro-Pneumatics Lid 
Schrader Bellows Ltd 
Thomas Wright (Bradford) Ltd 


Fittings, Air Lina: Non-Ferrous 


The Aro Corporation (UK) Ltd 

Atlas Copco (GB) Ltd 

CompAir Maxam Ltd 

Consolidated Pneumatic Tool Co Ltd 
Davis Pneumatic Systems Ltd 
Drallim Fluid Components Ltd 

Festo Ltd 

IML Norgren Enots Ltd {Lichfield} 
Jouvenel et Cordier 

Legris Ltd 

Martonair Ltd 

Mecman Ltd 

Pneumatics Controls Ltd 

Process Scientific Innovations Ltd 
A.G.S,Electro-Pneumatics Ltd 
Schrader Bellows Ltd 

Sperry Vickers Automation & Pneumatics 
Thomas Wright (Bradford) Ltd 


Fittings, Air Line: Plastic 

Crouzet Ltd 

Drallim Fluid Components Ltd 

Festo Ltd 

Martonair Ltd 

Mecman Ltd 

R.G.S.Electro-Pneumatics Ltd 

Schrader Bellows Ltd 

Sperry Vickers Automation & Pneumatics 


Fittings, Air Line: Push-In 
CompAir Maxam Ltd 


Gauges, Pressure 

Tha Aro Corporation (UK) Ltd 
CompAir Maxam Ltd 

Crouzet Ltd 

Domnick Hunter Filters Ltd 
Drallim Fluid Components Ltd 
Festo Ltd 

Jouvenel et Cordier 

Lacy Hulbert & Co Ltd 
Martonair Ltd 

Mecman Ltd 

Midland Pneumatic Ltd 

Northey Rotary Compressors Ltd 
Parker-Hannifin (UK) Ltd 
R.G.S.Electro-Pnaumatics Ltd 
Schrader Bellows Ltd 

Sperry Vickers Automation & Pneumatics 
Thomas Wright (Bradford) Ltd 
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Gauges, Vacuum 

Crouzet Ltd 

Lacy, Hulbert & Co Ltd 

Northey Rotary Compressors Ltd 
Thomas Wright (Bradford) Ltd 


Grinders 

Tha Aro Corporation (UK) Ltd 
Atlas Copco (GB) Ltd 

Fiar Utensili Pneumatici SpA 
Ingersoll-Rand Sales Co Ltd 
Stewart-Warner Ltd 

Thomas Wright (Bradford) Ltd 


Guns, Blow (or Dusters) 

The Aro Corporation (UK) Ltd 
Atlas Copco (GB] Ltd 

Festo Ltd 

IMI Norgren Enots Ltd (Shipston) 
Ingersoll-Rand Sales Co Ltd 
Jouvenel et Cordier 

Midland Pneumatic Ltd 
R.G.S.Electro-Pneumatics Ltd 
Schrader Bellows Ltd 

Sperry Vickers Automation & Pneumatics 
Thomas Wright (Bradford) Ltd 


Guns, Oiling 
The Aro Corporation (UK) Ltd 
Thomas Wright (Bradford) Ltd 


Guns, Spray, Automatic 


The Ага Corporation (UK) Ltd 
Schrader Bellows Ltd 
Stewart-Warnar Ltd . 


бит, Spray, Мата! Coating 
Stewart-Warner Ltd 


Guns, Spray, Paint, Liquids 
The Aro Corporation (UK) Ltd 
Stewart-Warner Ltd 


Hammers, Bush 
Stewart-Warner Ltd 


Hammers, Chipping and Caulking 
The Aro Corporation (UK) Ltd 
Atlas Copco (GB) Ltd 
Ingersoll-Rand Sales Co Ltd 
Stewart-Warner Ltd 

Thomas Wright (Bradford) Ltd 


Hammers, Forging 
Stewart-Warner Ltd 
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Hammers, Jack 
Atlas Copco (GB) Ltd 


Ingersoll-Rand Sales Co Ltd 
Stewart-Warner Ltd 


Hammers, Nail Driving 
Ingersoll-Rand Sales Co Ltd 


Hammers, Pick, Dry 
Atlas Copco (GB) Ltd 
Stewart-Warner Ltd 


Hammers, Pick, Wet 
Atlas Copco (GB) Ltd 


Hammers, Riveting 


Atlas Copco (G8) Ltd 
Ingersoll-Rand Sales Co Ltd 
Thornas Wright (Bradford) Ltd 


Hammers, Scaling 

The Aro Corporation (UK) Ltd 
Atlas Copco (GB) Lid 
Ingersoll-Rand Sales Co Ltd 
Stewart-Warner Lid 

Thomas Wright (Bradford) Ltd 


Hammers, Stone Working 
Atlas Copco (GB) Ltd 


Hoists, Air Motor Typa 

The Aro Corporation (UK) Ltd 
Atlas Copco (GB) Ltd 
Ingersoll-Hand Sales Co Ltd 

Joy Manufacturing Co (UK) Ltd 
Stewart-Warner Ltd 

Thomas Wright (Bradford) Ltd 


Hoists, Cylinder 


Ingersoll Rand Sales Co Ltd 
Midland Pneumatic Ltd 
R.G.S.Electro-Pneumatics Ltd 


Hoists, Overhead, Platform, 
Portable and Skip 


Ingersoll Rand Sales Co Ltd 


Horns, Pneumatic 
Systematic Design & Developments Ltd 


Hose 

Atlas Copco (GB) Ltd 

Consolidated Pneumatic Tool Co Ltd 
Davis Pneumatic Systems Ltd 
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Festo Ltd 

Martonair Ltd 

Mecman Ltd 

Midland Pneumatic Ltd 

Parker-Hannifin (UIK) Ltd 
R.G.S.Elsctro-Pneumatics Ltd 

Schrader Bellows Ltd 

Sperry Vickers Automation & Pneumatics 
Thomas Wright (Bradford) Ltd 


Hosa, Clips 

Atlas Copco (68) Ltd 

Charles Austen Pumps Ltd 
Consolidated Pneumatic Tool Co Ltd 
Drallim fluid Components Ltd 
Festo Ltd 

Martonair Ltd 

Macman Ltd 

Midland Pnaumatic Ltd 
Parker-Hannifin (UK) Ltd 
R.G.S.Electro-Pneumatics Ltd 
Schrader Bellows Ltd 

Thomas Wright (Bradford) Ltd 


Hose, Couplings 

The Aro Corporation (UK) Ltd 
Atlas Copco (GB) Ltd 
Consolidated Pneumatic Tool Co Ltd 
Davis Pneumatic Systems Ltd 
Drallim Fluid Components Ltd 
Festo Ltd 

Fiam Utensili Pneumatici SpA 
1MI Norgren Enots Ltd (Shipston) 
Legris Ltd 

Martonair Ltd 

Mecman Ltd 

Midland Pneumatic Ltd 
Parker-Hannifin (UK) Ltd 
R.G.S.Electro-Pneumatics Ltd 
Schrader Bellows Ltd 
Stewart-Warner Ltd 

Thomas Wright (Bradford) Ltd 


Hose, Fittings 

Atlas Copco (GB) Ltd 
Consolidated Pneumatic Tool Co Ltd 
Davis Pneumatic Systems Ltd 
Drallim Fluid Components Ltd 
Festo Ltd 

IME Norgren Enots Ltd (Lichfield) 
Jouvenel et Cordier 

Legris Ltd 

Martonair Ltd 

Mecman Ltd 

Midland Pneumatic Ltd 
Parker-Hannifin (UK) Ltd 
R.G.S.Electro-Pnaurnatics Ltd 
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Schrader Bellows Ltd 
Sperry Vickers Automation & Pneumatics 
Thomas Wright (Bradford) Ltd 


Hosa, High Pressura 

IMI Norgren Enots Ltd (Lichfietd) 
Parker-Hannifin (UK) Ltd 
Thomas Wright (Bradford) Ltd 


Наза, Low Pressura 


Atlas Copco (GB) Ltd 

Drallim Fluid Components Ltd 
Festo Ltd 

IMI Norgren Enots Ltd {Lichfield} 
Midland Pneumatic Ltd 
Parker-Hannifin (UK) Ltd 
R.G.S.Electro-Pneumiatics Ltd 
Schrader Bellows Ltd 

Thomas Wright (Bradford) Ltd 


Hose, Medium Pressure 


Consolidated Pneumatic Tool Co Ltd 
Drallim Fluid Components Ltd 
Festo Ltd 

IMI Norgren Enots Led (Lichfield) 
Martonair Ltd 

Parker-Hannifin (UK) Ltd 
R.G.S.Electro-Pneumatics Ltd 
Schrader Bellows Ltd 

Thomas Wright (Bradford) Ltd 


Hose, Plastic 

Atlas Copco (GB) Ltd 

Crouzet Ltd 

Davis Pneumatic Systems Ltd 
Drallim Fluid Components Ltd 
Festo Ltd 

IMI Norgren Enots Ltd (Lichfield} 
Jouvenel et Cordier 

Mecman Ltd 

Midland Pneumatic Ltd 
Parker-Hannifin (UK) Ltd 
Pnumatics Controls Ltd 
R.G.S.Electro-Pneumatics Ltd 
Schrader Bellows Ltd 

Sperry Vickers Automation & Pneumatics 
Thomas Wright (Bradford) Ltd 


Hose, Reels 

The Aro Corporation (UK) Ltd 
IMI Norgren Enats Ltd (Lichfigld) 
Parker-Hannifin (UK) Ltd 
Thomas Wright (Bradford) Ltd 


Hose, Spacial Types 
Davis Pneumatic Systems Ltd 
Fluid Automation Systems SA 
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IMI Norgren Enots Ltd (Lichfield) 
Parker-Hannifin (UK) Ltd 
Schrader Ballows Ltd 


Systematic Design & Developments Ltd 


Hydraulic Check Units 


Davis Pneumatic Systems Ltd 
Festo Ltd 

Fluid Automation Systems SA 
Местап Ltd 


Indexing Tables, Rotary 


Festo Ltd 

Fluid Automation Systems SA 
Jouvenel et Cordier 

Schrader Bellows Ltd 


Indicators, Pneumatic 
Crouzet Ltd 


instruments 
R.G.S.Electro-Pneumatics Ltd 


Intensifiers, Hydropneumatic 


Davis Pneumatic Systems Ltd 
Jouvenel et Cordier 

Местап Ltd 
R.G.S,Electro-Pneumatics Ltd 
Schrader Bellows Ltd 


Intensifiers, Pneumatic 


CompAir Maxam Ltd 
Davis Pneumatic Systems Ltd 
Mecman Ltd 


Intercaolars 


CompAir Industrial Ltd 
Serck Heat Transfer 


Jacks, Pneumatic 
Mecman Ltd 


Logic Equipment, Air Operated 
saa bal Maxam Ltd 


Logie [Moving Part) 
Crouzet Ltd 


Lubricants, Oil 


Tenneco Colortrend BY 
BP Oil Lid 


Lubricants, Synthetic 
Tanneco Colortrend BV 
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Lubricators 

The Aro Corporation (UK) Ltd 

Atlas Copco (GB) Ltd 

CompAir Maxam Ltd 

Consolidated Pneumatic Tao! Co Ltd 
Crouzet Ltd 

Festa Ltd 

IMI Norgren Enots Ltd (Shipston) 
Jouvenel et Crodier 

Mecman Ltd 

Parker-Hannifin (UK) Ltd 
R.G.S.Electro-Pneumatics Ltd 
Schrader Bellows Ltd 

Sperry Vickers Automation & Pneumatics 
Stewart-Warner Ltd 

Thomas Wright (Bradford) Ltd 

Watts Regulator (UK) Ltd 


Machines, Air Operated 


Schrader Bellows Ltd 
Stewart-Warner Ltd 


Manometers 


Mecman Ltd 
Parker-Hannifin (UK) Ltd 


Moisture Separators 

(See also Filters & Separators) 
The Aro Corporatin (UK) Ltd 
Atlas Copco (GB) Ltd 
CompAir Maxam Ltd 
Consolidated Pneumatic Tool Co Ltd 
Domnick Hunter Filtars Ltd 
Местап Ltd 
Process Scientific Innovations Ltd 
Schrader Bellows Ltd 
Thomas Wright (Bradford) Ltd 


Motor Breakers 
Atlas Copco (GB) Ltd 


Motor Drills 
Atlas Copco (GB) Ltd 


Motors, Multi-Cylindar Piston Air Motors 


Atlas Copco (GB) Ltd 
J.H.Fenner & Co Ltd 
Joy Manufacturing Co (UK) Ltd 


Motors, Rotary Vane 

The Aro Corporation (UK) Ltd 
“Atlas Copco (GB) Ltd 
J.H.Fennar & Co Lid 

Fiam Utensili Pneumatici SpA 
Ingersoll-Hand Sales Co Ltd 
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Stewart-Warner Ltd 
Thomas Wright (Bradford) Ltd 


Motors, Turbina 


The Aro Corporation (UK) Ltd 
Ingersoll-Rand Sales Co Ltd 


Nibblers and Shearing Machines 


Atlas Copco (GB) Ltd 
Fiam Utensili Pneumatici SpA 


Nutrunnars (Sea also Wrenches} 
The Aro Corporation (UK) Ltd 
Atlas Copco (GB) Ltd 

Fiam Utensili Pneurnatici SpA 
Ingersoll-Rand Sales Co Ltd 
Stewart-Warner Ltd 

Thomas Wright (Bradford) Ltd 


O-Rings 
Festa Ltd 


Packing Glands and Seals 
Parker-Hannifin (UK) Ltd 


Packings 
Parker-Hannifin (UK) Ltd 


Pipe Joints and Fittings 

IMI Norgren Enots Ltd (Lichfield) 
Legris Ltd 

Parker-Hannifin (UK) Ltd 
R.G.S.Electro-Pneumatics Ltd 
Thomas Wright (Bradford) Ltd 


Pipes, Ferrous 

IMI Norgren Enots Ltd (Lichfield) 
Legris Ltd 
R.G.S.Electro-Pneumatics Ltd 


Pipes, Flexible 

Drallim Fluid Components Ltd 

IMI Norgren Enots Ltd (Lichfield) 
Legris Ltd 

R.G.S,Electro-Pneumatics Ltd 
Schrader Bellows Ltd 

Systematic Design & Developments Ltd 
Thomas Wright (Bradford) Ltd 


Pipes, Plastic 

CompAir Maxam Ltd 

Drallim Fluid Components Ltd 
ІМІ Norgren Епоїз Ltd (Lichfield) 
Legris Ltd 
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R.G.S, Electro-Pneumatics Ltd 

Schrader Bellows Ltd 

Sperry Vickers Automation & Pneumatics 
Thomas Wright (Bradford) Ltd 


Pipes, Non-Ferrous 


СотрАіг Maxam Ltd 
R.G.S.Electro-Pneumatics Ltd 

Schrader Sellows Ltd 

Sperry Vickers Automation & Pneumatics 
Thomas Wright (Bradford) Ltd 


Pipework 


R.G.S.Electro-Pneumatics Lid 
Systematic Design & Developments Ltd 


Polishers 


The Aro Corporation (UK) Ltd 
Ingersoll-Rand Sales Co Ltd 
Stewart-Warner Ltd 


Pneumatic Conveying 
Howden Compressors Ltd 


Pneumatic Programmes 
IMI Norgren Enots Lid ( Lichfield} 


Presses, Impact 
Martonair Ltd 
Schrader Bellows Ltd 


Presses, Squeaze 
Schrader Bellows Ltd 


Pumps (See also Vacuum Pumps) : 
Air Lift 

СотраАн Industrial Ltd 

Lacy-Hulbert & Co Ltd 

Stewart-Warner Ltd 


Pumps, Displacement 


The Aro Corporation (UK) Ltd 
Ingersoll-Rand Sales Co Ltd 


Pumps, Reciprocating 
Ingersoll Rand Sales Co Lid 


Pumps, Sludga 

Atlas Copco (GB) Ltd 

Consolidated Pneumatic Tool Co Ltd 
Ingersoll-Rand Sales Co Ltd 
Stewart-Warner Ltd 


Pumps, Sump 
Atlas Copco (68) Ltd 
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Consolidated Pneumatic Tool Co Ltd 
Ingersoll-Rand Sales Co Ltd 
Stewart-Warner Ltd 


Rammers, Backfill 

Consolidated Pneumatic Tool Ca Ltd 
Ingersoll-Rand Sales Co Ltd 

Padley & Venables Ltd 
Stewart-Warner Lid 


Rammers, Foundry and Sand 


Atlas Copco (GB) Ltd 
Stewart-Warner Ltd 


Rams 


Festo Ltd 

Martonair Ltd 

Macman Ltd 

Pnumatics Controls Ltd 
R.G.S.Elactro-Pneurnatics Lid 
Systematic Design & Developments Ltd 


Receivers, Small 


Atlas Copco (GB) Ltd 

CompAir Industrial Ltd 

Consolidated Pneumatic Tool Co Ltd 
Festo Ltd 

Martonair Ltd 

Midland Pneurnatic Ltd 
R.G.S,Electro-Pneumatics Ltd 
Systematic Design & Developments Lid 
Thomas Wright (Bradford) Ltd 


Receivers, Medium 


Atlas Banco (GB) Ltd 

CompAir Industrial Ltd 
Consolidated Pneumatic Tool Co Ltd 
Festo Ltd 

Midland Pneumatic Ltd 
R..G.S|Electro-Pneumatics Ltd 
Thomas Wright (Bradford) Ltd 


Receivers, Large 

Atlas Copco (G8) Ltd 
CompAir Industrial Ltd 
A.G.S!Electro-Pneumatics Ltd 


Regulators, Flow 

Crouzet Ltd 

Davis Pneumatic Systems Lid 
Festo Lid 

IMI Norgren Enots Ltd (Lichfield) 
Jouvenel et Cordier 

Lagris Ltd 

Martonair Ltd 

Mecman Ltd 
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Midland Pneumatic Ltd 

Parker-Hannifin (UK) Ltd 
R.G.S.Electro-Pneumatics Ltd 

Schrader Bellows Ltd 

Sperry Vickers Automation & Pneumatics 
Thomas Wright (Bradford) Ltd 

Watts Regulator (UK) Ltd 


Ragulators, Instrument 


Davis Pneumatic Systems Ltd 

IME Norgren Enots Ltd (Shipston) 
Pnumatics Controls Ltd 
R.G.S.Electro-Pneumatics Lid 


Regulators, Liquid 

The Aro Corporation (UK) Lid 
IMI Norgren Enots Ltd (Shipston) 
Watts Regulators {UK) Ltd 


Regulators, Pressure 


The Aro Corporation (UK) Ltd 
Atlas Copco (GB) Lid 

CompAir Maxam Ltd 

Crouzet Ltd 

Davis Pneumatic Systems Lid 
Festo Ltd 

IMI Norgren Enots Ltd (Shipston) 
Jouvenel et Cordier 

Legris Ltd 

Martonair Ltd 

Mecman Ltd 

Midland Pneumatic Ltd 
Parker-Hannifin (UK) Ltd 
Pnumatics Controls Ltd 
R.G.S.Electra-Pneumatics Ltd 
Schrader Bellows Ltd 

Sperry Vickers Automation & Pneumatics 
Williams & James (Engineers) Ltd 
Thomas Wright {Bradford} Ltd 
Watts Regulator (UK) Ltd 


Regulators, Not Self-Relieving 


Davis Pneumatic Systems Ltd 
IMI Norgren Enots Ltd (Shipston! 
Jouvenal et Cordiar 

Mecman Ltd 

Midland Pneumatic Ltd 
Parker-Hannifin (UK) Ltd 
Pnumatics Controls Ltd 
R.G.S.Electro-Pneumatics Ltd 
Schrader Bellows Ltd 

Thomas Wright (Bradford) Ltd 
Watts Regulator (UK] Ltd 


Regulators, Ramote Operated 


Davis Pneumatic Systems Ltd 
IMI Norgren Enots Ltd (Shipston} 
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Jouvenel et Cordier 

Mecman Ltd 

Midland Pneumatic Ltd 
Parker-Hannifin (UK) Ltd 
Pnumatics Controls Ltd 
R.G.S.Électro-Pneumatics Ltd 
Schrader Bellows Ltd 

Watts Regulator (UK) Ltd 


Regulators, Self-Reliaving 
Davis Pneumatic Systems Ltd 
IMI Nargren Enats Lid (Shipston) 
Jouvenel et Cordier 

Mecman Ltd 

Midland Pneumatic Ltd 
Parker-Hannifin (UK} Ltd 
Pnumatics Controls Ltd 
R.G.S.Electro-Pneumatics Ltd 
Schrader Bellows Ltd 

Thomas Wright (Bradford) Ltd 


Regulators, Temperatura 
Pnumatics Controls Ltd 


Regulators, Vacuum 
Pnumatics Controls Ltd 


Riveters, Aircraft 


Atlas Copco {GB} Lid 
Ingersoll-Rand Sales Co Ltd 


Riveters, Industrial 

Atlas Copco (GB) Ltd 

Fiam Utensili Pneumatici SpA 
Ingersoll-Rand Sales Co Ltd 


Rock Drills, Deephole 


Atlas Copco (GB) Ltd 

Consolidated Pneumatic Tool Co Ltd 
Ingersoll-Rand Sales Co Ltd 
Stewart-Warner Ltd 


Rock Drills, Diamond 


Atlas Copeo (GB) Ltd 
Ingersoll-Rand Sales Co Ltd 


Rock Drills, Drifters 


Atlas Copco (GB) Ltd 
Consolidated Pneumatic Tool Co Ltd 
Ingersoll-Rand Sales Co Ltd 


Rock Driils, Dustiess (Wet) 


Atlas Copco (GB) Ltd 
Consolidated Pneumatic Tool Co Ltd 
Ingersoll-Rand Salas Co Ltd 
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Rock Drills, General Duty 


Atlas Copco (GB) Ltd 

Consolidated Pneumatic Tool Co Ltd 
Ingersoll-Rand Sales Со Ltd 
Stewart-Warner Ltd 


Rock Drills, Mobile 

Atlas Copco {GB) Ltd 

Consolidated Pneumatic Tool Co Lid 
Ingersoll-Rand Sales Co Lid 
Stewart-Warner Ltd 


Rock Drills, Pushers 


Atlas Copco (GB) Ltd 
Ingersoll-Rand Sales Co Ltd 


Rock Drills, Self-Propelled 


Atlas Copco (GB) Ltd 
Ingersoll-Rand Sales Co Ltd 


Rock Drills, Sinkers 


Atlas Copco (GB) Ltd 

Consolidated Pneumatic Tool Co Ltd 
Ingersoll-Rand Sales Ca Ltd 
Stewart-Warner Ltd 


Rock Drills, Stopers 


Atlas Copco (GB) Ltd 
Ingersoll-Rand Sales Co Ltd 


Sand Blast Plant 
Atlas Copco (GB) Ltd 


Sanders, Orbital 

The Aro Corporation (UK) Ltd 
Atlas Copco (GB) Ltd 

Рат Utensili Pneumatici SpA 
Ingersoll-Rand Sales Co Ltd 
Thomas Wright (Bradford) Ltd 


Sanders, Reciprocating 
Fiam Utensili Pneumatici SpA 


Sandars, Rotary 

The Aro Corporation (UK) Ltd 
Atlas Copco (GB) Ltd 

Fiam Utensili Pneumatici SpA 
Ingersoll-Rand Sales Co Ltd 
Stewart-Warner Ltd 

Thomas Wright (Bradford) Ltd 


Saws, Chain 
Consolidated Pneumatic Tool Co Ltd 
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Saws, Circular 

Atlas Copco (GB) Ltd 

Fiam Utensili Pneumatici SpA 
Ingersoll- Rand Sales Co Ltd 


Sawdi Reciprocating 


Ingersoll-Rand Sales Co Ltd 
Thomas Wright (Bradford! Ltd 


Screwdrivars 

The Aro Corporation (UK) Ltd 
Atlas Copco (GB) Ltd 

Fiam Utensili Pneumatici SpA 
Ingersoli-Frand Sales Co Ltd 
Stewart-Warner Ltd 

Thomas Wright (Bradford) Ltd 


Sensors, Gap, Leak and Proximity 
Crouzet Ltd 


Silencers, Compressor Delivery 
IMI Norgren Enots Ltd (Shipston) 


Silencars, Pneumatic Cylindars & Valves 
CompAir Maxam Ltd 

Domnick Hunter Filters Ltd 

Festo Ltd 

Fiam Utensili Pneumatici SpA 

IMI Norgren Enots Lid {Shipston} 

IMI Norgren Enots Ltd {Lichfield) 
Jouvenel at Cordier 

Martanair Ltd 

Mecman Ltd 

Midland Preumatic Ltd 

Parker-Hannifin (UK) Ltd 

Pnumatics Controls Ltd 

Process Scientific Innovations Ltd 
R.G.S;Electro-Pnaumatics Ltd 
Schrader-Betlows Ltd 

Sperry Vickers Automation & Pneumatics 


Silencers, Pneumatic Tool 

Atlas Copco (GB) Ltd 

IMI Norgren Enots Ltd (Lichfield) 
Stewart-Warner Ltd 


Snaps, Rivet 
Atlas Copco (GB) Ltd 


Solenoids 

The Aro Corporation (UK) Ltd 
Davis Pnaumatic Systems Ltd 
Festo Ltd 

IMI Nargren Enots Ltd (Lichfield) 
Mecman Ltd 

Midland Pneumatic Ltd 
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Parker-Hannifin (UK) Ltd 

Process Scientific Innovations Ltd 
Schrader-Bellows Ltd 

Sperry Vickers Automations & Pneumatics 


Soot Blowers 


Howden Engineering Ltd 
Ingersoll-Rand Sales Co Ltd 


Spike, Driver 
Ingersoll-Rand Sales Co Ltd 


Spray, Booths, Water-Washed 
Atlas Copco (GB) Ltd 


Spray, Turntables 
Atlas Copco (GB) Ltd 


Spraying Equipment, Metal Working 
Atlas Copco (GB) Ltd 

IMI Norgren Enots Ltd (Shipston) 
Stewart-Warner Ltd 


Spraying Installations (Sae also Guns): 
Automatic 

The Aro Corporation (UK) Ltd 

Atlas Copco (GB! Ltd 

IM! Norgren Enots Ltd {Lichfield} 


Spraying Installations, Paint 
The Aro Corporation (UK) Ltd 
Atlas Copco (GB) Ltd 


Starters, Air Motor — For Diesel Engines 
Ingersoll-Rand Sales Co Ltd 


Stud Setters 
Fiam Utensili Pneumatici SpA 


Switches, Pressure and Vacuum, Electric 
(See also Alarm Warnings) 

CompAir Maxam Ltd 

Crouzet Ltd 

Davis Pneumatic Systems Ltd 

Festo Ltd 

Martonair Ltd 

Mecman Ltd 

Pnumatics Cantrols Ltd 

R.G.S.Electro-Pneumatics Ltd 

Schrader-Ballows Ltd 

Systematic Design & Developments Ltd 

Thomas Wright (Bradford) Ltd 


Tampers, Backfill 
Consolidated Pneumatic Tool Co Ltd 
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Ingersoll-Rand Sales Co Ltd 
Stewart-Warner Ltd 


Tappers, Thread 

The Aro Corporation (UK) Ltd 
Atlas Copco (GB) Ltd 
Ingersoll-Rand Sales Co Ltd 
Stewart-Warner Ltd 


Thrusters 


CompAir Maxam Ltd 
Mecman Lid 


Timers, Delay 


CompAir Maxam 

Crouzet Ltd 

Davis Pneumatic Systems Ltd 
Festo Ltd 

Jouvenel et Cordier 

Martonair Ltd 

Mecman Ltd 

Midland Pneumatic Ltd 
Pnumatics Controls Ltd 
R.G.S.Electro-Pneumatics Ltd 
Systematic Design & Developments Ltd 


Timers, Electrical (Dial, Sequenca, 
Delay, Process, Automatic — 
Hand resat) 


Crouzet Ltd 
R.G.S.Electro-Pneumatics Ltd 


Timers, Electro-Mechanical 
(Dial, Sequence, Delay, Process, 
Automation and Hand reset) 
Crouzet Ltd 
R.G.S.Electro-Pneumatics Ltd 
Schrader Bellows Ltd 


Timers, Pneumatic (Dial, 
Sequence, Delay, Process, 
Automatic and Hand reset) 

CompAir Maxam Ltd 

Crouzet Ltd 

Davis Pneumatic Systems Ltd 

Festo Ltd 

Jouvenel et Cordier 

Martonair Ltd 

Mecman Ltd 

Midland Pneumatic Ltd 

Pnumatics Controls Ltd 

R.G.S.Electro-Pneumatics Ltd 

Systematic Design & Devalopments Ltd 


Tool Steals, Chisel Steels 
Atlas Copco (GB) Ltd 
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Consolidated Pneumatic Tool Co Ltd 
Ingersoll-Rand Sales Co Ltd 
Padley & Venabtes Ltd 


Tool Steals, Digger Steals 

Atlas Copco (GB) Ltd 

Consclidated Pneumatic Tool Co Ltd 
Padley & Venables Ltd 


Tool Steals, Dressing Tools 

Atlas Copco (GB) Ltd 

Consolidated Pneumatic Tool Co Ltd 
Ingersoll-Rand Sales Co Ltd 

Padley & Venables Ltd 


Tool Steels, Feathers 

Atlas Copco (GB) Ltd 

Consolidated Pneumatic Tool Co Ltd 
Padley & Venables Ltd 


Tool Steels, Moil Steels 

Atlas Copco (GB) Ltd 

Consolidated Pneumatic Tool Co Ltd 
Ingersoll-Rand Sales Co Ltd 

Padley & Venables Ltd 


Tool Steels, Pick Steals 

Atlas Copco (GB) Ltd 

Consolidated Pneumatic Tool Co Ltd 
Ingersoll-Rand Sales Co Ltd 

Padley & Venables Ltd 


Tool Steels, Pile Drivars 


Consolidated Pneumatic Tool Co Ltd 
Padley & Venables Ltd 


Tool Steals, Plug and Feathers 

Atlas Copco (GB) Ltd 

Consolidated Pneumatic Tool Co Lid 
Padley & Venables Ltd 


Tool Steals, Punches 

Atlas Copco (GB) Lid 
Ingersoll-Rand Sales Co Ltd 
Padley & Venables Lid 


Tool Steels, Spades 

Atlas Copco (GB) Ltd 

Consolidated Pneumatic Tool Co Ltd 
tngersoll-Rand Sales Co Ltd 

Padley & Venables Ltd/ 


Tool Steels, Tamping Pads and Stems 


Atlas Copco (GB) Ltd 
Consolidated Pneumatic Tool Co Ltd 
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Ingersoll-Ftand Sales Co Ltd 
Padtey & Venables Ltd 


Torque Actuators 
Martonair Ltd 


Mecman Lid 
Midland Pneumatic Ltd 


Traps, Water (See also Filters and 
Separators} 

Consolidated Pneumatic Tool Co Ltd 

Domnick Hunter Filters Ltd 

Mecman Ltd 

Pall Pneumatics Ltd 

E Wright (Bradford) Ltd 


Tyre laflators 
Thomas Wright (Bradford) Ltd 


Vacuum Cleaners, Pneumatic 
ІМІ Nargren Enots Ltd (Shipston) 


Vacuum Pumps 


Charles Austen Pumps Ltd 
CompAir Maxam Lid 

Dawson McDonald & Dawson Ltd 
Howden Engineering Ltd 
Ingersoll-Rand Sales Co Ltd 

Joy Manufacturing Co (UK) Ltd 
Lacy-Hulbert & Co Ltd 

Northey Rotary Compressors Ltd 
Thomas Wright (Bradford) Ltd 


Vacuum Tweezers 
Charles Austen Pumps Ltd 


Valve Actuators 


CompAir Maxam Ltd 

Davis Pneumatic Systems Ltd 
Festo Ltd 
Martonair Ltd 

Mecman Ltd 

Midland Pneumatic Ltd 
R.G.S;Electro-Pneumatics Ltd 
Schrader Bellows Ltd 







Valves, Compressor, Suction and 
Discharga 

Compressor Accessories Ltd 

Festo Ltd 

IMI Norgren Enots Ltd (Shipston) 

Mecman Ltd 
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Valves, Directional Control 
(for controlling pneumatic cylinders, atc} 


The Aro Corporation (UK) Ltd 
CompAir Maxam Ltd 

Crouzet Ltd 

Davis Pneumatic Systems Ltd 
Drallim Controls Ltd 

Festo Ltd 

Fluid Automation Systems SA 
ІМІ Norgren Enots Ltd {Lichfield} 
Jouvenel et Cordier 

Martonair Ltd 

Midland Pneumatic Ltd 
Parker-Hannifin (UK) Ltd 
Pnumatics Controls Ltd 
R.G.S.Electro-Pneumatics Ltd 
Schrader Bellows Ltd 

Sperry Vickers Automation & Pneumatics 
Thomas Wright (Bradford) Ltd 


Valves Keyboard Selection 
Systematic Design & Developments Ltd 


Valves, Manual 


CompAir Maxam Ltd 

Crouzet Ltd 

Davis Pneumatic Systems Lid 
Drallim Fluid Components Ltd 
Festo Ltd 

ІМІ Norgren Enots Ltd {Lichfield} 
IMI Norgren Enots Ltd (Shipston) 
Jouvenel et Cordier 

Legris Ltd 

Martonair Ltd 

Mecman Ltd 

Midland Pneumatic Lid 
Parker-Hannifin (UK) Ltd 
Pnumatics Controls Ltd 
R.G.S.Electro-Pneumatics Ltd 
Schrader Bellows Ltd 

Sperry Vickers Automation & Pneumatics 
Thomas Wright (Bradford) Ltd 


Valves, Mechanical 

CompAir Maxam Ltd 

Crouzet Ltd 

Davis Pneumatic Systems Ltd 
Festo Ltd 

Fluid Automotion Systems SA 
Jouvenel et Cordier 

Martonair Ltd 

Mecman Ltd 

Midland Pneumatic Ltd 
Parker-Hannifin (UK) Ltd 
Pnumatics Controls Ltd 
A.G.S.Electro-Pneumatics Ltd 
Schrader Bellows Ltd 

Thomas Wright {Bradford} Ltd 
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Valves, Needie (Sae also Regulators, 
Flow) 


The Aro Corporation (UK) Ltd 
CompAir Maxam Ltd 

Crouzet Ltd 

Davis Pneumatic Systems Ltd 
Drallim Fluid Components Ltd 
Festo Ltd 

IMI Norgren Enots Ltd (Lichfield) 
IMI Norgren Enots Ltd (Shipstan) 
Jouvene! et Cordier 

Legris Ltd 

Martonair Ltd 

Mecman Ltd 

Midland Pneumatic Ltd 
Parker-Hannifin (UK) Ltd 
Pnumatics Controls Ltd 
R.G.S.Electro-Pneumatics Ltd 
Schrader Bellows Ltd 

Thomas Wright (Bradford) Ltd 


Valves, Non-Raturn or Check 


NEI-APE Ltd Bellis & Morcom 
CompAir Industrial Ltd 

CompAir Maxam Lid 

Drallim Fluid Components Ltd 
Compressor Accessories Ltd 
Crouzet Ltd 

Davis Pneumatic Systems Ltd 
Festo Ltd 

IMI Norgren Enots Ltd (Lichfield) 
IMI Norgren Enots Ltd {Shipston} 
Jouvenel et Cordier 

Martonair Ltd 

Mecman Ltd 

Midland Pneumatic Ltd 
Parkar-Hannifin (UK) Ltd 
Pnumatics Controls Ltd 
R.G.S.Electro-Pnaumatics Ltd 
Schrader Bellows Ltd 

Sperry Vickers Automation & Pneumatics 
Thomas Wright (Bradford) Ltd 


Valves, Pressure Reducing 

(See also Regulators} 
The Aro Corporation (UK) Ltd 
CompAir Maxam Ltd 
Crouzet Ltd 
Davis Pneumatic Systems Ltd 
Festo Ltd 
IMI Norgren Enots Ltd {Shipston} 
Jouvenel et Cordier 
Legris Ltd 
Martonair Ltd 
Mecman Ltd 
Midland Pneumatic Ltd 
Parker-Hannifin (UK) Ltd 
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Pnumatics Controls Ltd 

Н.й.5. Electro-Pneurmatics Ltd 

Schrader Bellows Ltd 

Sperry Vickers Automation & Pneumatics 
Williams & James (Engineers) Ltd 
Thomas Wright (Bradford) Ltd 


Valves, Quick Exhaust 


CompAir Maxam Ltd 

Davis Pneumatic Systems Ltd 
Festo Ltd 

IMI Norgren Enots Ltd (Shipston) 
Jouvenel et Cordier 

Martonair Ltd 

Mecman Ltd 

Midland Pneumatic Ltd 
Parker-Hannifin (UK) Ltd 
Pnumatics Controls Ltd 
R.G.S.Electro-Pneumatics Ltd 
Schrader Beilows Ltd 

Sperry Vickers Automation & Pneumatics 
Thomas Wright (Bradford) Ltd 


Valves, Relief Pressure 


CompAir Maxam Ltd 

Davis Pneumatic Systems Ltd 
Festo Ltd 

IMI Norgren Enots Ltd {Shipston} 
Martonair Ltd 

Mecman Ltd 

Midiand Pneumatic Ltd 

Northey Rotary Compressors Ltd 
Parker-Hannifin (UK) Ltd 
Pnumatics Controls Ltd 
R.G.S,Electro-Pneumatics Ltd 
Schrader Bellows Ltd 

Sperry Vickers Automation & Pneumatics 
Thomas Wright (Bradford) Ltg 


Valves, Relief, Vacuum 


Festo Ltd 

Midland Pneumatic Ltd 

Northey Rotary Compressors Ltd 
Parker-Hannifin (UK) Ltd 
Schrader Bellows Ltd 


Valves, Remota 


CompAir Maxam Ltd 

Crouzet Ltd 

Davis Pneumatic Systems Ltd 
Festo Lid 

Fluid Automation Systems SA 
IMI Norgren Enots Ltd (Shipston) 
Jouvenel et Cordier 

Martonair Ltd 

Mecman Ltd 

Midland Pneumatic Lid 
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Parker-Hannifin (UK) Ltd 
Pnumatics Controls Ltd 
H.G.S.Electro-Pneumatics Ltd 
Schrader Bellows Ltd 


Valves, Remote Control 

CompAir Maxam Ltd 

Davis Pneumatic Systems Ltd 
Ога т Controls Ltd 

IMI Norgren Enots Ltd (Shipston) 
Martonair Ltd 

Mecman Lid 

Midland Pneumatic Ltd 
Parker-Hannifin (UK) Ltd 
R.GiS.Electro-Pneumatics Ltd 
Schrader Bellows Ltd 

Sperry Vickers Automation & Pneumatics 


Valves, Rotary 

Crouzet Ltd 

Drallim Controls Ltd 

Festo Ltd 

Martonair Ltd 

Midlànd Pneumatic Ltd 

Parker-Hannifin (UK) Ltd 

Schrader Bellows Ltd 

Sperry Vickers Automation & Pneumatics 


Valves, Safety 

Crouzet Ltd 

Festa Ltd 

IMI Norgren Enots Ltd [Shipston) 
Martonair Ltd 

Midldnd Pneumatic Ltd 
R.G.S.Electro-Pneumatics Ltd 
Schrader Bellows Ltd 

Thomas Wright (Bradford) Ltd 


Valves, Sequence 


CompAir Maxam Lid 

Crouzet Ltd 

Davis Pneumatic Systems Ltd 
Festo Lid 

IMI Norgren Enots Ltd {Lichfield} 
Jouvanel et Cordier 
Martonair Ltd 

Mecman Ltd 

Midland Pneumatic Ltd 
Parker-Hannifin (UK) Ltd 
Pnumatics Controls Ltd 
R.G.S,Electro-Pneumatics Ltd 
Schrader Bellows Ltd 


Valves, Shuttle 


CompAir Maxam Ltd 
Crouzet Ltd 
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Davis Pneumatic Systems Ltd 
Festo Ltd 

IMI Norgren Enots Ltd (Lichfield) 
Jouvenel et Cordier 

Martonair Ltd 

Mecman Ltd 

Midland Pneumatic Ltd 
Parker-Hannifin (UK) Ltd 
Pnumatics Controls Ltd 
R.G.S.Electro-Pneumatics Ltd 
Schrader Bellows Ltd 

Sperry Vickers Automation & Pneumatics 
Thomas Wright (Bradford) Ltd 


Valves, Solenoid Operated 


The Aro Corproation (UK) Ltd 
CompAir Maxam Ltd 

Crouzet Ltd 

Davis Pneumatic Systems Ltd 
Festo Ltd 

IMI Norgren Enots Ltd {Lichfield} 
Jouvenel et Cordier 

Martonair Ltd 

Mecman Ltd 

Midland Pneumatic Ltd 
Parker-Hannifin (UK) Ltd 
Pnumatics Controls Ltd 
R.G.S.Electro-Pneumatics Ltd 
Schrader Bellows Ltd 

Sparry Vickers Automation & Pneumatics 
Thomas Wright (Bradford) Ltd 


Valves, Solenoid Operated: 
Explosion Protected 


R.G.S.Electro-Pneumatics Ltd 


Valves, Solenoid Operated, 
Flameproof 


Davis Pneumatic Systems Ltd 
Festo Ltd 

Fluid Automation System SA 

IMI Norgren Enots Ltd (Lichfield) 
Jouvenel et Cordier 

Martonair Ltd 

Midland Pneumatic Ltd 
Parker-Hannifin (UK) Ltd 
Pnumatics Controls Ltd 
R.G.S.Electro-Pneumatics Ltd 
Schrader Bellows Ltd 

Sperry Vickers Automation & Pneumatics 
Thomas Wright (Bradford) Lid 


Valves, Speed Control 

(See also Regulators, Flow} 
CompAir Maxam Ltd 
Crouzet Ltd 


Davis Pneumatic Systems Ltd 
Festa Ltd 

IMI Norgren Enots Ltd (Lichtield) 
Jouvenel et Cordier 

Legris Ltd 

Martonair Ltd 

Mecman Ltd 

Midland Pneumatic Ltd 
Parker-Hannifin {UK} Ltd 
Pnumatics Controls Ltd 
R.G.S.Electro-Pneumatics Ltd 
Schrader Bellows Ltd 

Thomas Wright (Bradford) Ltd 


Valves, Stop and Shut-Off 


CompAir Maxam Ltd 

Crouzet Ltd 

Davis Pneumatic Systems Ltd 
Ота т Fluid Components Lid 
Festo Ltd 

IMI Norgren Enots Ltd {Shipston} 
Jouvanel et Cordier 

Legris Ltd 

Martonair Ltd 

Местап Ltd 

Midland Pneumatic Ltd 
Parker-Hannifin (UK) Lid 
Pnumatics Controls Ltd 
R.G.S.Electro-Pneumatics Ltd 
Schrader Bellows Ltd 

Thomas Wright (Bradford) Ltd 


Vibrators, Concrete Immersion 


Consolidated Pneumatic Tool Co Ltd 


Ingersoll-Rand Sales Co Ltd 


Vibrators, External 


Consolidated Pneumatic Tool Co Lid 


Thomas Wright (Bradford) Ltd 


Vibrators, Internal 


Consolidated Pneumatic Tool Co Ltd 


Ingersoll-Rand Sales Co Ltd 
Thomas Wright (Bradford) Ltd 


Winches 


Ingersoll-Aland Sales Co Lid 
Joy Manufacturing Co (UK) Ltd 


Wire Brush Machines 


Ingersoll-Rand Sales Co Ltd 
Stewart-Warner Ltd 
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Sub-section (c) 


ALPHABETICAL LIST OF MANUFACTURERS WITH ADDRESSES, 
TELEPHONE AND TELEX NUMBERS, OF HEAD OFFICE, 
WORKS AND BRANCHES 


THE ARO CORPORATION (UK) LTD, Alders Drive, Redditch, Worcs 898 ORH 
, Telephone: 0527 25722 Telex: 338169 
Ll ATLAS COPCO (GB) LTD, P.O.Box 79. Swallowdale Lane, Hemel Hempstead, Herts. 
Telephone: 0442 61201 z 
Branches: 
Wardpark South, Cumbernauld, Glasgow, Scotland. 
Tetephone: 02367 33722 
Mansfield Road, Aston, Nr.Sheffleld, Yorks. 
Telephone: 0742 872831 


CHARLES AUSTEN PUMPS LIMITED, 100 Royston Road, Byfleet, Weybridge, Surrey KT14 7PB 
Telephone: Byfleet 43224/5 
BP OIL LIMITED, BP House, Victoria Street, London SW1E 5NJ 
Teiephane: 01 821 2000. Telex: кчы 


BRISTOL PNEUMATIC LIMITED, Lodge Causeway, Fishponds, Bristol 8516 3J5 
Telephone: 0272 657511 Telex: 44641 | 

COMPAIR INDUSTRIAL LIMITED, P.O.Box 7, High Wycombe, Bucks. 
Telephone: 0494 21181 Telex: 837371 
Branches: 
P.O.Box 44, Ipswich. Suffolk. 
Telephone: 0473 217901 Telex: 98254 

COMPAIR МАХАМ LIMITED, Pool, Redruth, Cornwall TR15 3PR 
Telephone; 0209 712712 Telex: 45433 
Branches: | 
Arundel Road, Uxbridge, Middx UB8 2AR 
Telephone: 0895 52571 Telex: 935197 
London Road, Thrupp, Nr. Stroud, Gloucester GL5 28А 
Telephone: 0453 882863 Telex: 43454 
Lightning Way, off Alvechurch Road, West Heath, Birmingham 831 3PH 
Telephone: 021 477 7577 Telex:|337716 | 
44 Melford Court, Harswich Grange, Warrington WA1 4RZ 
Telephone: 0925 811610 Telex: 527592 | 
91—93 Leigh Street, Attercliffe, Sheffield 59 2PR 
Telephone: 0742 446481 Telex: 54537 
71 Coivilles Place, Kalvin Industria] Estate, East Kilbride 
Telephone: 035 52 35663 Telex: 777780 | 
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COMPRESSOR ACCESSORIES LTD, 1649 Pershore Road, Stirchley, Birmingham 830 3DR 
Telephone: 021 458 1124/5/6 Telex: 338835 

CONSOLIDATED PNEUMATIC TOOL CO LTD, Fraserburgh AB4 STE, Aberdeenshire 
Telephone: Fraserburgh 3131 


CROUZET LTD, 108 Hawley Lane, Farnborough, Hants GU14 8HY 
Telephone: 0252 513211 Telex: 858612 

DAVIS PNEUMATIC SYSTEMS LTD, Newnham Industrial Estate, Plympton, Plymouth 
Telephone: 336421/4 Telex: 45657 

DAWSON,McDONALD & DAWSON LIMITED, Compton Works, Ashbourne, Derbyshire DE6 1DB 
Telephone: 0335 43184 


DOMNICK HUNTER FILTERS LIMITED, Durham Road, Birtley, Co Durham, DH3 25F 
Telephone: 0632 405121 Telex: 537282 a/b DHFLTH 
Branches: 
Domnick Hunter Filter GmbH, D 4150 Krefeld, Postfach 3106, Germany 
Telephone: 02151/36041 Telex: 8531166 dhf 
John Gunderson, Rosavej 6, 3660 Stenlose 
Telephone: 17 14 07 


DRALLIM FLUID COMPONENTS LTD, Brett Drive, Bexhili-on-Sea, Sussex TN40 2ЈР 
Telephone: 0424 216611 Telex: 952585 


J. H. FENNER & CO LTD, Fluid Power Division, Ashton Road, Harold Hill, Romford, Essex 
Telephone: 040 23 43851 Telex: 21381 
FESTO LTD, Catherine Whee! Road, Brentford, Middlesex. 
Telephone: 01 568 2051/2/3/4 Telex: 935705 Grams: Festo Brentford 
Branches: 
Chancery House, Lombard Street, West Bromwich 
Telephone: 021 525 6288 
Unit 9, Josephs Well, Wesgate, Leeds 
Telephone: 0532 459402 
Suite 20, Carron House, Tay Walk, Cumbernauld, Scotland 
Telephone: 02367 36908/9 
Unit BR9B, Connswater Industrial Estate, East Bread Street, Belfast BTS 5AP 
Telephone: Belfast 731514 
Festo International Office, Postfach 6040, D 7300, Esslingen 1, Berkheim, W.Germany 
Telephone: 07 11 391/0 


FIAM UTENSILI PNEUMATICI SpA, Viale Crispi, 123— 36100 Vicenza, Italy. 
Telephone: 0444 56261 1 


FLUID AUTOMATION SYSTEMS SA, 124 route de l'Etroz, CH 1290, Verson, Switzerland 
Telephone: 55 26 91/55 14 93 Telex: 22194 


HPC ENGINEERING LTD, Victoria Gardens Industrial Estate, Burgess Hill, W,Sussex RH15 ЗАО 
Telephone: 04446 41671 Telex: 87606 


HOWDEN COMPRESSORS LTD, 133 Barfillan Drive, Glasgow G52 1BE 
Telephone: 041 882 3346 
Branches: 
Weybridge Industrial Estate, Weybridge, Surrey KT15 2GR 
Telephone: Weybridge 56631 
Howden Anbergen, Haven, Goor, The Netherlands 
Telephone: 05470 3155 
21 Union Street West, Oldham, Lancs 
Telephone: 061 652 2235 
Rupprechtgasse 3, 42340 Modling, Vienna, Austria 
Telephone: 02236 82445 
Burton Carblin, BP No.1, Nogent-sur-Oise, 60101, Creil, France 
Telephone: 455 12 21 
Azeta S.A.A.L., Via Locatelic, 20124, Milan, Italy 
Telephone: 83 20 01 
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IMI NORGREN ENOTS LTD,, Nargran Works, Shipston-on-Stou:, Warwickshire CV36 АРХ 
Telephone: 0608 61876 Telex! 83208 (Могзес G} 
Enots Works, P.O.B.22, Eastern Avenue, Lichfield, WS13 658 
Telephone: 05432 54151 Telex: 338555 (Enots С) 
Branches: 
Unit 71, Jarvis Way, Gravelly Industrial Park, Tyburn Road, Birmimgham, W.Midiands B24 8TJ 
Telephone: 021 328 2811 Telex: 339547 
6 Station Lane Industrial Estatd, Birtlay, Tyne & Wear ОНЗ 1ро. 
Telephone: 0632 405821 Telex: 537463 
Forrest Street, Blackburn, Lancs BB1 388. 
Telephone: 0254 53666/7 
Raikes Lane Industrial Estate, Bolton, Gt.Manchester BL3 2NE 
Telephone: 0204 33317 Telex: 635191 
Unit 22, Endemere Road, Albion Industrial Estate, Covantry, W.Midlands CV6 БРУ 
Telephone: 0203 661239/6611|7 
IMi Pneumatics Ltd, Fleming Way, Crawley, W.Sussex RH10 25Ј 
Telephone: 0293 513441 Telex: 877611 
Airdraulics Ltd, Nore Road, Dublin Industrial Estate, Finglas Road, Dublin 11 
Telephone: 0001 300288 
32 Jordanvale Avenue, Clydeside Industrial Es ate, Glasgow. Strathclyde G14 OQY 
Telephone: 041 954 5037 Telek: 777988 
Tudor Works, Bradgate Street, Leicester, Leics LE4 OAS. 
Telephone: 0533 29218 
Unit 9, Central Trading Estate, Hawthorne Road, Bootle, Merseyside L20 6PF 
Telephone: 051 922 0444/5 
713—714 Tudor Estate, Abbey Road, Park Royal, London NW10 7XX 
Telephone: 01 965 0711 Telex! 935409 
Greengate Works, 2 New Bridge Street, Greengate, Salford, Manchester M3 7WP 
Telephone: 061 BB1 2358 
Ram Mill, Gordon Street, Chadderton, Oldham, Gt.Manchester OL9 ЗОМ 
Telephone: 061 620 2431 Telex: 669517 
23 Orgreave Crescent, Dore House, Industrial Estate, Hand orth, Sheffield, S. Yorks 513 9NO 
Telephone: 0742 697626 Telex; 547403 
P.O.Box 163, The Butts, Worcester, Hereford & Worcs WA13EN 
Telephone: 0905 27686 Telex: 336008 


INGERSOLL-RAND SALES COMPANY LIMITED, Bowater House, Knightsbridge, London SW1X 7LV 
Telephone: 01 584 5070 
Branches: 
Chorley New Road, Horwich, Bolton 
Telephone: 0204 66544 
Professional Tools Group, Swan|Lane, Hindley Green, Nr.Wigan,Lancs, 
Telephone: 0942 57131 
Inter-City House, 80 Oswald Street, Glasgow Gi 4PL, Scotland. 
Telephone: 041 204 0888 
Jahn Е, Kennedy Drive, Bluebell, Dublin 12, Ireland 
Telephone: Dublin 505934/505935 
JOUVENEL ET CORDIER, B.P.312, 92506 Ruail Malmaison Cedex, France. 


JOY MANUFACTURING COMPANY [UK) LIMITED, Peel Park Place, East Kilbride, Glasgow G74 SLN 
Telephone: 03552 39121 Telex: 77368 
Branches: 
Burlington House, Chesterfietd, Perbyshire 540 158 
Telephone: 0246 37127 Telex: 54239 
LACY-HULBERT & CO LTD, Richmond Road, Croydon, Surrey СР ДЕА 
Telephone: 01 680 5226 Tetex: 21598 LH CRO 9 
Branches: 
Lacy Huibert & Co GmbH, Vencoer Strasse 5-7, 5000 Koun 1, West Germany. 
Telephone: 010 49221 514184 
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LEGRIS LIMITED, Ashville Trading Estate, The Runnings, Cheltenham, Glos GL51 ЭРТ 
Telephone: 0242 43103/4/6 Telex: 43335 
ING ENEA MATTEI SpA, Strada Padana Superiore 307 — 20080 Vimodrone, Milano, Italy 
Telephone: 02 2500441 
MARTONAIR LIMITED, 128 St. Margarets Road, Twickenham TW1 ТАЈ 
Telephone: 01 892 4411 Telex: 935562 
Branches 
257 Summer Lane, Birmingham B19 2PX 
Telephone; 021 359 6081/7 
Unit 10, Wimbledon Ave, London Road Industrial Estate, Brandon, Sutfolk IP27 ONZ 
Telephone: 0842 811964 
21 Ashton Vale Road, Ashton Gata, Bristol BS3 2HA. 
Telephone: 0222 494551 
Colchester Trading Estate, Colchester Avenue, Cradiff CF3 7AP 
Telephone: 0222 494551 
Martonair House, Carlisle Street, Gateshead, Tyne & Wear NE10 OLD 
Telephone: 0632 692248 (3 lines) 
84 Kilbirnie Street, Glasgow G5 8JD 
Telephone: 041 429 7579 and 7570 
9 Wallace Way, Hitchin 5G4 OSD 
Telephone: 0462 2243 
Station Road, Southwater, Horsham, West Sussex RH13 7SW 
Telephone. 0403 731171 and 731451 
Unit 3, Penraevons Industrial Estate, Meanwood Road, Leeds 157 2AW 
Telephone: 0532 629338 (2 lines) 
11 Cannock Street, Leicester LEA 7HR 
Telephone: 0533 769993 
28 Low Farm Place, Moulton Park Industrial Estate, Northampton NN3 1HY 
Telephane: 0604 45793/4 
James Dunlop (NI) Lid, 26 Roughfort Road, Mallusk, Newtownabbey, Co.Antrim, BT36 BRE 
Telephone: 023 13 44721 . 
39 Victoria Road, Romford, Essex RM1 2L 
Telephone: 0708 42256 
Unit 7, Sherdley Road Trading Estate, Sherdley Road, St. Helens, Merseyside WAG БАА 
Telephone: 0744 55296/7 {2 lines] 
439/443 Penistone Road, Sheffield 56 2GR 
Telephone: 0742 347666 
Unit 43, South Hampshire Industrial Park, Totton, Southampton SO4 3SA 
Telephone: 0703 860277/8 
Bankfield Trading Estate, South Reddish, Stockport SK5 7РА. 
Telephone: 061 477 5830 (4 tines} 
Unit 11, Liddall Way, Haslemere Industrial Estate, Horton Road, West Drayton, Middx. 
Telephone’ 089 54 47841 (4 lines} 
Hare Street, Bilston, Wolverhampton, West Midlands WV14 715 
Telephone: 0902 402431/2/3 


MECMAN LTD, Mecman House, Suttons Park Avenue, Reading, Berks RG6 1AZ 
Telephone: 0734 664456 Telex: 848410 

MIDLAND PNEUMATIC LIMITED, Patrick Gregory Road, Wednesfield, Wolverhampton WV11 3DZ 
Telephone: Wolverhampton 732501 Telex: 337430 

МЕ!-АРЕ LTO BELLIS & MORCOM, Icknield Square, Birmingham B16 OQL 
Telephone: 021 454 3531 Telex: 337507 

NORTHEY ROTARY COMPRESSORS LTD, Alder Road, Parkstons, Poole, Dorset BH12 4BB 
Telephone: 0202 741725 Telex: 41444 

PADLEY & VENABLES LTD, Callywhite Lane, Dronfield, Sheffiaid 518 6XT 
Tetephone: 0246 413301 Telex: 54254 

PALL PNEUMATICS LIMITED, Europa House, Havant Street, Portsmouth PO1 3PD 
Telephone: 0705 753545 Telex: 86251 
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PARKER-HANNIFIN (UK) LTD, 6 Greycaine Road, Watford, Herts 
Telephone: Watford 44377 
PNUMATICS CONTROLS LTD, P.O.Box 18, Leighton Buzzard, Beds 
Telephone: 0525 370735 
PROCESS SCIENTIFIC INNOVATIONS LIMITED, Industrial Estate, Bowburn, Co.Durham, DHS БАГ 
Telephone: 0385 770 550 
R.G.S. ELECTRO-PNEUMATICS LTD, Church Street, Accrington, Lancs. 
Telephone: 0254 32000 & 35015 | 
TENNECO COLORTREND BV, Anderol Division, P.O.Box 3045, 6202 NA Maastricht, The Netherlands 
Telephone: 010 31 43 628888 
Branches: 
Lawrence Industries, Anderol Division, Mitcham Industrial Estate, Streatham Road, Mitcham, Surrey CR4 BAP 
Telephone: 01 648 2272 
SCHRADER BELLOWS LTD, Walkmill Lana, Bridgtown, Cannock, Staffs. 
Telephone: Cannock 2644 Telex: 336150 Schrad С 
SERCK HEAT TRANSFER, Warwick Road, Birmingham B11 20¥ 
Telephone: 021 772 4353 Telek: 337341 339805 
SPERRY VICKERS AUTOMATION &|PNEUMATICS, Halesfield 6, Telford, Shropshire TF7 4LF 
Telephone: 0952 58600 Telex: 35286 
Sherbourne Road, Balsall Heath, Birmingham B12 903 
Telephone: 021 440 3501 | 
6 Washington Road, Paisley, Glasgow 
Telephone: 041 887 6281 | 
68-70 Old Bedford Road, Luton! LUZ 7PA 
Telephone: 0582 413023/4 
102 Pendlebury Road, Swinton, Manchester M27 1AZ 
Telephone: 061 793 5941/6336 | 
109 Leigh Street, Sheffield 59 2PR 
Telephone: 0742 449611/449702 
STEWART-WARNER LIMITED, Tynemouth, Tyne & Wear, NE29 7UE 
Telephone: 0632 590655 | 
SYSTEMATIC DESIGN & DEVELOPMENTS LIMITED, Frizington Road, Frizington, Cumbria CA26 ЗОҮ 
Telephone: 0846 810179 j 
ULTRAFILTER LIMITED, 33 Sandy Way, Amington Industrial Estate, Tamworth, Staffs 877 405 
Telephone: 0827 58234 
Branches: 
Ultrafilter GmbH Dusseldorf, Bussingstrasse 4, D5657 Haan 1, West Germany 
Telephone: 0104921292012 
Ultrafilter Ag, Thurgauerstrasse 72, Oarlikerhus, 8050 Zurich, Switzerland 
Telephone: 01 320 0500 
WATTS REGULATOR (UK) LTD, London Road, Thrupp, Stroud, Glos GL5 2BA 
Telephone: 045 388 3401 
WILLIAMS & JAMES (ENGINEERS) LTD, Chequers Bridge, Gloucester GL1 4LL 
Telephone: 0452 28431 Telex: 43233 
THOMAS WRIGHT IBRADFORD) LTD, Thorite House, Laisterdyke, Bradford 804 BBZ 
Telephone: 663471 Telex: 51674 
Branches: 
Thorite Pneumatics Ltd, Lowfield Road, Leeds LS12 685 
Telephone: 444554/9 Telex: 557628 
Thomas Wright (Huddersfield) Ltd, Long Lane, Moldgreen, Huddersfietd 
Telephone: 34245 Telex: 51674 
Thorite Pneumatics Ltd, Churchill Road, Off Wheatley Road, Doncaster 
Telephone: 25492 Telex: 557628 
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